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Inc r eased Calf Production and Returns from Improved Range 
and Livestock Management on a Northern Utah Ranch 
by 
Mi c hae l H. Ralphs, Master of Science 
Utah Sta t e University, 197 7 
Major Professor: Or. Fr ank E. Busby 
Department : Range Science 
Th e operating costs for farms and ranches in the United 
X 
States have increased 81 percent between 1970 a nd 1976. Calf prices 
ove r this same period have fluctuated dramatically and have fallen 
from a high of $58/cwt in 1973 to a low of $2 6/ cwt in 1975. Since 
1973, the inc reas ing operating cos ts have exceeded the ret urns 
ge ne rated by the low calf prices and have left ope rators in a 
nega tive fina ncial position. This case study has shown that the 
ope ra t or has increased both the sca le and effici e ncy of his operation 
through improved lives tock husbandry and range improvements , yet 
has been unabl e to keep up with the increase in operating cos ts. 
A res t rot at ion grazing system and associa t e d range improvements 
we r e implemented in 19 70 on the s ummer mountain range. The 
resultant increase in forage prod uction al lowe d a 45 percent increase in 
the breeding herd. The meadow hayland and cres t ed whea t grass 
past ur es were also improved t o provide winter and spr ing forage for 
the i ncreased numb e r of cows . The calf crop we aned and ave rage 
weaning weights increased fro m 86 percent and 347 po und s i n 1970 
t o 93 percent and 363 pounds i n 1976. The total pounds of calf 
weaned increased 60 pe r cent between 1970 a nd 1976. 
The tremendous incr ease in beef produ ct ion was offset by the 
rampan t jncrease in op e ra ting cos t s. The ne t return in 1970 was 
xi 
$2 , lOo but dropped to a loss of - $3,671 i n 1976. Howeve r, had the 
operato r not inc reased the level of production while the ope rating 
costs inc r eased, his net loss in 1976 would have been - $24 , 718 . 
Although th e ne t returns a re nega tive , th e increas e in returns over 
t he base l e ve l of production is positive. Th e i nternal rate of return 
and net present worth of the grazing sys t em and its associated 
improvements was 25 percent a nd $95 ,027 r espect i vely. 
TI1 e opera tor has been successful in developing his r a nge and 
livestock resource and increasing calf production. It is paradoxical 
that the increase in r e turn s above the bas e production have rendered 
the improvements economi cally pr ofi t able yet the combination of 
inc r eas ing opera ting costs and low lives t ock prices have produced 
a negative return from 1974 through 1976. 
(167 pages) 
INTRODUCTION 
The conditions of the livestock industry since 1973 have put 
the rancher in the proverbial position between a "rock and a hard 
spot . 11 The "rock" has been the accelerating increase in operating 
costs while the "hard spot" has been the drastic fall in livestock 
prices caused by the excess inventory of livestock. Many ranchers 
have incurred net losses during the last 2 years. A survey by 
Hopkin (1975) of money lenders financing cow-calf and stocker 
operations revealed that 67 percent of the cattle producers are 
expe riencing some degree of financial difficulty. Hopkin further 
stated that "if calf prices remain at the low levels of April, 1975, 
which projections indicate they will, 20 percent of the producers will 
likely go out of business." 
In the past, ranchers have been able to "get by" with average 
productivity from their cows . But now average productivity won't 
pay the bills. Higher calf crops and heavier weaning weights are 
necessary to cover the increasing cost of maintaining the mother 
cow. 
Another way of increasing net income is by economically expanding 
the operation. The profit margin in the livestock industry is 
typically very small . Increasing the efficiency of the operation will 
increase net returns per cow, but increasing the scale of operation 
is necessary to substantially increase net income. In a situation 
where the range, pasture and hay lands can be developed, the scale 
of operation ca n be economically increased . However, t he level of 
management must also improve , to maintain an efficient level of 
productivity while expansion is taking place . Adequate feed to meet 
the nutrie nt demands of th e entire herd must be provided. Feed 
supplement programs, early s pring pastures, range improvements , 
grazing systems, and herd heal th care, as well as effective management 
st rategies must be considered and economically evaluated in selecting 
the combination that will produce the optimum level of beef production 
and thus maximize net returns . 
Objectives 
The general objective of this study was to document the effect 
of improved range and livestock management on calf production on 
a nort hern Utah ranch. 
The specific objectives were : 
1 . Describe the grazing system, range improvements, manage-
ment st rategies , and animal husbandry practices that contributed 
to in c r eased calf production. 
2. Determine the annual productivity of the herd in terms 
of calf crop weaned, weaning weights, and total pounds of calf 
weaned. 
3. Compare annual returns generated from sale of weaner 
calves , cull cows and bulls to the annual operating costs to 
de termine t he profitability of the operation . 
4. Determine the internal rate of r eturn and net present 
worth of the grazing syst~m and associated range improvements. 
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REVIEW OF LITERATURE 
Production Effic iency 
The objective of any business f irm is to get as much 
o utput as pos s i ble from a g ivf'n l e ve l o f e xp enditure 
on inputs, o r to produce a given level of output for the l eas t 
e xpenditure on inputs (Leftwich p.l ll, 1969). Product ion eff i ency 
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in a commer cia l cow-calf ope r ation is to raise and se ll the greates t 
amount of beef for a given budget , or to raise and sell a given amount 
of beef for the least cost of input r esources--land, labor and 
capita l. In e ither case t he net r e tu r n to the operator is maximized. 
It i s ass umed that most commercial cow-calf operators have a limited 
budget. Therefore their objective would be to wean the greatest 
number of calves (high calf c rop) weighing as much as possible (heavy 
weaning we i gh ts) under the constrain ts of their limited budget. 
Pe rcent calf c r op and weaning weight are the end products of 
the breeding herd' s r eproductive performance. There are many factors 
and practices that contribute to pr odu c tion efficiency. Minyard 
(1973) lists several factors which describe the task of the cow: 
l. reach sexual matur i ty at an ear l y age, 
2. come into heat promptly af t er calving, 
3. conceive early in the breeding season, 
4. produce a calf every 12 months at the des ired time of 
year , and 
5. nourish the calf to a heavy weaning we ight. 
Neumann and Snapp (1969) also include, within the function of 
production effiency: 
1. the genetic capability of the cow to produce milk, 
2 . genetic growth ability of the calf, 
3. fertility of the cow and bulls, and 
4. the distribution and libido of the bulls. 
In addition to the above factors that make up production 
ef ficie ncy, Table l lists several specific causes of reprod uctive 
failure and gives the percent of calf crop that may be lost to each 
cause. 
Timetable for reproduction 
The gestation period of a cow is 283 days. To maint ain a 
12-month calving cycle, the cow has 82 days to repair herself, 
return to estrus, and conceive (Figure 1). The average period from 
calving to first es trus is 60 days (Kaltenbach, 1973). This period 
can be r educed through good management and proper nutrition . The 
es trus cycle of a cow is 21 days. Assuming a cow takes 60 days to 
return to a regular estrus cycle, this leaves only one or at the 
most two heat periods in which t o breed. This tight time schedule 
i s further complicated by cows which won't conceive at first service. 
With mediocre management or inadequate nutrition, many cows will 
fai l to conceive by the beginning of the 12-month reproductive cycle. 
This doesn't concern some operators. They would 11 rather have a late 
ca lf than no calf at all." But late calves can severely cut into 
potential profit s. For example, if a cow fails to conceive either 
because of nutrition or low genetic fertility, and goes 21 days 
6 
Tab l e 1. Causes of r ep r oductive failur e. 
Percent cal f crop l ost 
Ne urn an n & Snapp a Dunn b Temple c 
Montan a Southeas t e rn U.S. 
l . Fal lur e of cow to conceive 
a. failure to recycle 
befor e e nd of br eeding 
season 
b. f a ilure t o conceive 
c. impot ent bu lls 
d. no expos ur e 
2. Abortion o r rep roductive 
disease 
3. Neonatal death 
a. abnorma l presen t a tions 
b. exp os ure 
c . scours 
d. congenita l weakness 
4. Pos t-na t a l death 
a. pneumonia 
b. bl oat 






Nc <rma nn and Snapp (1969), p. 129. 
Dunn ( 1975). 
c Temple (1967). 
( %) ( %) 
16.6 22 . 7 
2.4 
6.4 6 . 9 
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beyond 12 months before conceiving, the calf she will produce next 
year wtll weigh 36 pounds less (1. 7 average daily gain x 21 days) 
than it would have had the cow conceived during the first or second 
period of estrus following calving. If the cow continues to extend 
her calving date one estrus cycle or 21 days each year, she will be 
dry every fifth year, given a 90-day breeding season. Also, her 
calves would be continually weighing less due t o their progressively 
later birth dates. The lifetime loss of production at age twelve 
could be 1,354 pounds, or about 29 percent less pounds of beef produced 
ha d she maintained a 12-month calving cycle. Table 2 shows the 
potential weight loss of late calve s as compared to early calves and 
the r esultant loss in income. 
Table 2. Calving periods and estimated returns. 
Calving date 
2-10 to 3-1 
3-2 to J-21 
3-22 to 4-10 
4-11 t o 4-30 
5-l to 5-20 
5-21 to 6-9 
6-lO to 6-29 










a Wiltbank, 1974. 









































b Ave rage operating costs expressed in 1976 dollars from Workman 
(1970), Peryam and Olsen (1975), Stevens (1975), Gray (1970), 
Kearl (1971), Olsen and Jackson (1975), and Doan (1976). 
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Critical Nutrition Periods Associated with Reproduction 
Most researchers agree that the condition of the cow or her 
nutritional state~ especially during the critical nutrition periods, 
is a major determinant of her reproduction success. Wiltbank et al. 
(1965) conducted some of the first controlled experiments to evaluate 
the effects of nutrition for l) heifers not reaching puberty, 2) 
a majority of the 2-year-old first calf cows failing to return to 
estrus, and 3) a low conception rate among those cows that did 
cycle. 
Many other researchers have since analyzed the effects that 
various levels of nutrition at specific times of the reproduction 
cycle have hadon all aspects of reproduction. Church (1974) reviewed 
the literature on the effects of energy on reproduction and summarized 
his findings by stating that levels of energy less than NRC recom-
mendation during gestation and lactation cause delayed estrus and 
low conception rates. Wiltbank (1967) concluded that the condition 
of the cow determined the subsequent calf crop and that a cow should 
either be in good condition or rapidly gaining weight prior to and 
during the breeding season. 
Most of the reviews and papers cited indicated a deficiency in 
energy was the leading cause of failure in conceiving or bearing a 
healthy calf (Wiltbank, 1967; Maynard and Loosli, 1969; Kerchner and 
Dunn, 1971; Church, 1974; and Clanton and Zimmerman, 1970). Protein, 
when deficient, caused a decline in fertility, but its effects may 
be confounded with energy deficiency. Protein deficiency depressed 
the intake thus limiting the consumption of dry matter and energy 
(Wiltbank, 1967; Cook and Harris, 1968; and Clanton and Zimmerman, 
1970). 
The critical nutritional periods in the reproductive cycle of 
10 
a beef cow are the last trimester of gestation and the interval between 
calving and conception (Neumann and Snapp, 1969; Kerchner and Dunn, 
1971; and Kalthenback, 1973). Nutrition is also critical in growing 
out replacement heifers to reach puberty at an early age and to 
calve as 2-year-olds. Survivability of the calf and its weight 
gain also depend on the dam's nutrition level during these critical 
nutrition periods. The following sections will discuss the effect 
that nutrition has on each of the above mentioned critical periods. 
Last trimester of gestation 
Gestation increases the nutrient requirement above the level 
required for basic maint enance. Ninety percent of the fetal growth 
occurs during the last one-third of gestation (Brody, 1945) with 
the greatest amount of growth occurring during the last month 
(Neumann and Snapp, 1969). Adequate nutrients must be available for 
the fetal growt h during this period to insure a healthy and vigorous 
calf. The preparation for milk production is also taking place 
during this last part of the gestation period (Maynard a nd Loosli, 
1969). These phys iological functions combine to increase the 
nutrient requirement of the cow prior to calving. The length of 
this critical period extends from a minimum of the last 30 days 
(Dunn, 1975), to the entire third trimester of gestation (Neumann 
and Snapp, 1969). 
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Research suggests that the feed level of the cow during the 
last 30-90 days has the larges t effect on the interval from calving 
to fi rst estrus. When energy is deficient prior to calving , the cow 
will take longer to come into heat (Dunn, 1975; Kerchner and Dunn, 
1971; and Kearl and Cordingly, 1975). Table 3 presents data from 
many researchers over different areas of the United States relating 
feeding level both before and after calving to the reproductive 
pe rforma nce of beef cows and heifers. The column entitled "Interval 
calving to first estrus'' reveals that cows and heif ers on a restricted 
energy intake prior to calving took between 6 and 90 days longer to 
return to est rus compared to cows receiving the required energy 
level. There were between 18 and 35 percent fewer cows cycling at 
the beginn ing of the breeding season amongthose having a restricted 
energy intake . Between 1/5 and 1/3 more cows would have the 
opportunity to breed earlier in the season on an adequate diet than 
those on an ene rgy deficient diet. 
Two of the studies (Wiltbank et al., 1962, Dunn, 1975 ), continued 
to study the effects of post-partum nutrition onth e interval to first 
est rus. Both noted that the post-partum energy affected length of 
interval but the pre-partum energy level had the greatest ef fect. 
Interval between calving and 
~onception 
The interval between calving and conception is perhaps the most 
critical nutrition period in the reproductive cycle {Kalthenback, 
1973; Wiltbank et al., 1964). During this period the cow is at her 
peak l actation and must replace a large part of the nutrients she 
Table 3. Summary of papers reporting the effect of energy on fe rtilit y . 
lnterv.:~l Cycl ing Conceived 
Before After ca lving at start at first Pe rcent 
Researchers Location Class ctll\' ing calving t o estrus o f bneding S(' fVl Ce ~~ 
(lb TON) (lb TO~) nays-om, ' Oiff. 
-,--OTTI. I Oi ff. 
Wilt b.ank,!! ~-· Ft. Robinson, Mature ' 16 48:>17 80 Jl 67 / 25 95/18 1962 Nebraska '·' 16 :~ 5 " " " ' 8 42 77 '·' 8 " ]) 20 
Clanton, 1969 :iorth Platte, Pasture " 11 77 2 " Dry l ot 6o range 64 " " 
8ellovs and Miles Ci ty, 2 '!r old Pasture 
Thoc.u , 1976 Montana 13.9 Pasture 67 
20 
78 
Jl " " 7.> Pa!lture 87 " 60 




Nebra:oka 8.6 24.1 ~: l4 62 J2 63 8J u 13.6 " " 1J 17 u 24.1 6 )9 73 90 
Cor.1.h !!. !.!.·, La r;:~mie, 2 yr old 8 . 8 15.3 >O • " 18 tn:. \o'yt'CIIing >.7 15.3 ,. ,. 
Clanton and 2 yr old 11 Hcal ~ ,. 
90 
8J )) 86 " Zi::~..-.,en:~an , 1970 8.S!"'cal H.E 140 >O " 
Renburge r !!. !..!· , Oklahoma 2 yr old High High JO days 87 12 
1964 !Ugh Low earlier " t.ow High 73 
Low L~ ,. 
\Otltbank.!! .!!·, Lincoln, Mature >OI 75% requirement 7) " 12 1967 Nebraaka 100% " )I 74 18 150% 8) " 50%, 4 wks, " 70 100% th(!reafte r " 50!, 4 wk!!, 82 87 100 
150% thereafter 
•i It bank .!.t .!.!.· , Maryland 2 yr old Ad libitum " 24 :::; 196S 66% ad libhu• 81 
Maintenance 
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loses in milk production. Involution o f the uterus must occur and 
the cow must return to a regular es trus cyc l e . If mature size has not 
bee n a ttained, growth needs must a lso be met. Thus the ene r gy 
requir ements for a lactating r ange cow a r e a lmost double that o f a 
dry, pregnant cow (Clanton a nd Zimmerma n, 1970). An energy deficiency 
would further delay est rus and thus conception until the cow was in 
proper condition to carry out t he above mentioned physiol ogica l 
f unctions (Wi ltbank et al., 19 75). 
Wiltbank (1962) states that the conception rate i s influenced 
mo s t by the nutrition l evel after calving . If energy is lacking, 
co nception is the fun c tion that will suffer first (Kercher and 
Dunn, 1971). Table 3 s hows t hat both mature cows and heifers on the 
NRC recommended nutriti on level af t er calving have a higher conception 
at first service than those on a low level. This insures a highe r 
percent o f the calves will be born earlier in the calving season. 
Corr espondingly , there was a higher percent pregnant at the end of 
the breeding season among those cows on a h igher plane of nutrition. 
Re nbarger et al. (1964) agreed that the high plane of nutrition 
both befo r e and aft e r ca lving produce the highest conception rates 
but stated tha t a l ow feedi ng l evel before calving is not made up 
by f eedi ng r ecommended leve ls after calving. Wiltban k et al (1964), 
howeve r, s howed that the under-nouris hed cows could reach maximum 
concept i on l eve l s by feeding more than the recommended amounts of 
ene rgy af t e r ca lving. Dunn (1975) also showed a higher concep tion 
rate ln hei fe rs on a res tric t ed energy intake prior t o calv ing a nd 
then increased to above recommended levels after calving. 
In a range situation, the importance of proper nutrition i s 
bro ught out by Carrol a nd Hoe rlein (1966). The drought in eas tern 
Color ado in 1964 drast ically r educed the amount of available feed. 
Th e conception r a te dropp ed f r om 87 percent the previous year to 
41 percent during the drought and then r ose to 90 pe r cent the 
fo llowing year which had above ave r age prec ipitation. 
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In summary, the pre-calving nutrit ion levels (especially e nergy) 
has a direc t e ffec t on the length of interval to fir st es trus. The 
ene r gy l eve l af ter calving has the greatest influence on the conception 
rate . Th e cow s hould, th ere fore, be maintained in good condition 
o r s uppleme nted to be gaining weight prior to and after calving. 
The goa l of th e opera t or s hould be to shorten the interval from 
ca lvin g t o firs t es trus so that the cow will have started cycling 
be fore th e beginning of the breeding season a nd to ha ve a l a r ge 
percent of th e cows conceiv e at fir st service . This insures a 
high pe r cen tage ca lf c r op a nd a larger number of early ca lves. 
Rep l aceme nt heifers 
A replacement heifer re presents a s ubstantial inves tment in 
a cow-calf operation . In a ny economic venture, it is necessary 
for the capita l investment to produce and provide returns as s oon 
as possible. Thus it is important to have a he ifer begin producing 
as soon as she is phys i ologically capable. In most spring ca lving 
ope rat ions, t he operator has the choice of breeding his replacements 
as yea rlin gs to calve at age two , or breeding them a t two t o ca lve 
at age th r ee. Tripplet (1967) stat ed that it requires superior 
15 
management to calve heifers at two. A balanced ration must be provided 
to obtain the size and maturity to successfully calve at two. 
Also, the difficult births common among 2-year-old heifers require 
additional manpower to render assistance at calving. With average 
or mediocre management, Tripplet suggested that calving at age 
three would he advantageous. 
Disadvantages of calving 2-year-old heifers. The major problem 
of calving 2-year-old heifers is the difficulty they experience in 
bearing their first calf. Table 4 shows that a high percent of 
2-year-old heifers have difficult births and lose their calves. 
Lack of size and condition is the major cause of calving difficulty. 
Proper nutrition can help alleviate this difficulty. 
Tab l e 4. Calving difficulty of heifers. 
2-year-o ld heifers 3-year-old heifers 
Difficulty Calf died Difficulty Calf died 
(%) (%) (%) (%) 
Sinks, 1973 3D 12 lD 0 
Pope, 196 7 50 12 
Bellows, 1971 16 14 
Rcbreeding is another problem in calving 2-year-heifers. 
Neumann and Snapp (1969) state that the physiological functions of 
lactation and growth take precedence over reproduction. The strain 
of calving and recuperating from a difficult birth add to the nutrient 
demands mentioned. The nutrient requirement of heifers and young 
cows, per unit of body weight, is greater than mature cows. Thus 
due to their smaller body size and limited rume n capacity, young 
cows require a higher quality diet than mature cows. If the quantity 
or quality of the diet, as expressed by intake of digestible 
nutrients, is not sufficient to meet the nutrient demands, rebreeding 
is the first function to suffer. Heifers typically take longer to 
r e turn to estrus than mature cows (Table 3). If nutrient intake 
is deficient, the 2-year-old cow will take longer to conceive and 
thus have a late second calf, or she may not settle during the breeding 
season and be dry as a 3-year-old. Keetch (1969) shows the magnitude 
of this problem on a desert range operation in Utah. Only 55 percent 
of the heifers calving at two were diagnosed as pregnant even though 
they r eceived cotton seed meal supplements prior to and throughout 
the breeding season . 
Besides these disadvantages mentioned, the calves of 2-year-old 
heifers are much smaller than those from 3-year-olds and mature cows. 
Pope (1967) r eported 2-year-old cows weaned calves 50 pounds lighter 
than 3-year-olds and 75-80 pounds lighter than mature cows. 
Advantages of calving 2-year-old heifers . The biggest advantage 
of calving a 2-year-old heifer is the extra calf she will produce. 
Pinney ~ al. (1972) reported that 2-year-old heifers produced 339 
pounds more beef in their lifetime than heifers calving first as 
3-year-olds. Pope (1967) reported that heifers calving at age two 
produced 0.8 calves per cow year compared to 0.71 calves per cow 
year from those calving at age three. Pinney ~ al. (1972) and 
Pope (1967) further stated that the longevity of cows calving at 
age 2 years is not significantly different than those calving at 
age three. 
17 
Although the costs of calving 2-year-old heifers are somewhat 
greater than calving 3-year-olds, the cost per pound of calf weaned 
is lower. Pope (1967) reported that the net lifetime cost per 
hundredweight (cwt) of calf weaned was $10.33 for heifers calving at 
age 2 years compared to $11.33 for those calving at age three. 
Growing out replacement heifers. In order to calve heifers 
as 2-year-olds, special care is necessary in feeding them so that 
they will reach sexual maturity at' age 12-14 months. The greater 
nutrient demands placed on a 2-year-old first calf heifer make it 
desirable to have her calve earlier than the regular calving season 
to allow more time to repair herself and return to estrus (Kercher 
and Dunn, 1971; Kearl, 1971; Tripplet, 1976; Strohbehn ~ al., 1976). 
To calve l month ahead of the rest of the herd, the heifer must be 
bred when she is 14 months old. 
A ration containing adequate amounts of energy and protein are 
necessary to bring a heifer to puberty by age 14 months. Clanton and 
Zimmerman (1970) report that first estrus occurred in heifers at 
384 days (12.8 months) on high energy and protein rations. Ninety-
five percent of the heifers on the high energy and protein ration 
were cycling by 15 months. On low levels of energy or protein, 
first estrus was not attained by 15 months. Wiltbank (1967) reported 
that all heifers on moderate and high energy levels reached estrus 
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within 15 months, but only 44 percent of those on the low energy 
level came into heat during the same period. Most of these cycled 
one or two times then stopped. 
There is a relationship between size or weight and age at first 
estrus. The critical weight at which a heifer has reached puberty 
and can be bred at 14 months ranges between 525 pounds to 700 pounds 
(Table 5). If a heifer is weaned on November 1 at 400 pounds, she 
must gain over pound per day for 6 months to weigh 600 pounds when 
she is bred in May. 
Table 5. Critical breeding weights and average daily gains of heifers 
to breed at 14 months. 
Research e r Area 
Wilt bank Nebraska 
Keetch (1969) Utah 
Tripplet (1976) 
Strohbehn (1976) 
Kearl (1971) Wyoming 
















On lower than optimum feed levels and less than 1 pound gain/day, 
many straight-bred heifers have difficulty reaching puberty by 
14 months (Wiltbank, 1967). However, cross-bred heifers have 
shown an advantage of higher rates of gain ro reach sexual maturity 
at a younger age (Wiltbank, 1967 and Kearl, 1971). 
The recommendation of most researchers is to keep the largest 
and best heifers to use as replacements. This means the earliest 
born and fastest gaining heifers. Besides the fact that earlier 
calves are usually heavier, Neumann and Snapp (1969) suggest that 
the time and regularity of calving may be heritable and recommended 
that late dropped heifers never be kept for replacements. 
Pope (1967), Tripplet (1967), and Wiltbank (1974) present 
several items a manager must accomplish to obtain maximum reproductive 
performance from calving 2-year-old heifers: 
1. Maintain 
first gestation. 
pound average daily gains from weaning through 
2. Feed heifers to reach puberty at 600 pounds by 14 months of 
age. 
3. Feed heifers to weight 775 pounds by 120 days before calving. 
4. Feed heifers to gain 100-120 pounds during the last 3 
months of gestation to make up for the fetus growth. 
5. Calve 1 month earlier than regular herd. More labor is 
available to render assistance, and the heifer has more time to 
return to estrus before the beginning of the breeding season. 
6. Provide high quality feed during lactation. Limited intake 
will reduce conception rates. 
7. Breed to small type bull. 
8. Restrict breeding season to 45 days. This gives at least 
37 days for heifers to return to estrus, repair themselves and 
conceive at first service. 
9. Pregnancy test after 60 days and cull open heifers. 
10. Keep more heifers than are needed. Cull open heifers as 
yearlings and as 2-year-olds. Also cull poorer heifers until 
desired number of 2-year-old replacements are obtained. 
Neumann and Snapp (1969) recommend feeding high nutrient levels 
to heifers during gestation and lactation and then reduce to moderate 
nutrient levels when mature. This extends the production lifetime 
of the brood cow. 
Effect of dam's nutrition on weight 
gain of calf 
Weaning weight is the second component of a cow's production 
efficiency. When combined with percent calf crop, it determines 
the annual production of beef. Weaning weight is determined by the 
birth weight plus the daily gains of the calf. The three major 
components of daily gains are milk production of the dam, calf's 
genetic growth capability, and amount and quality of available 
forage. 
Milk production has more influence on weaning weight than any 
other factor (Swanson, 1967). Gleddie and Berg (1968) reported 
that milk production accounted for 71 percent of the variance in 
calf gains. However, during the peak of lactation the nutrient 
requirement is so great that a cow has difficulty consuming enough 
nutrients to meet all her requirements. Fortunately, a cow will 
sacrifice her own body tissue and other physiological functions to 
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maintain lactation. This is apparently an evolutionary characteristic 
to insure the survival of the offspring (Neumann and Snapp, 1969). 
Even though the cow will draw upon her body reserves to maintain 
lactation, the yield of milk is somewhat reduced by malnutrition. 
Renberger et al. (1964) and Corah et al. (1974) reported higher 
weight gains from calves whose dams produced higher yields of milk 
(Table 6). Swanson (1967) also reported increased milk production 
from heavy feeding just prior to calving. However, these high milk 
yields may not benefit the calf during the first month or two. 
The calf has a physical limit to the amount of milk it can consume. 
If the cow is producing in excess of consumption, she will decrease 
production to only that amount consumed by the calf (Gleddie and 
Berg, 1968). 
It appears that overfeeding is just as detrimental to milk 
production as underfeeding. Bond and Wiltbank (1970) stated that 
both underfed and overfed heifers produce less milk than properly 
fed heifers. Swanson (1967) agreed and observed a 15 percent 
reduction in milk yield in both overfed and underfed heifers. 
Therefore, recommended levels of feeding should be adhered to in 
obtaining optimum milk yields. 
In another experiment, Corah et al. (1974) found that heifers 
receiv ing 65 percent of the TDN requirement prior to birth weaned 
calves 29 pounds lighter than heifers on the full TDN requirement. 
Howeve r, there was no significant difference ' in milk production 
between the two groups (Table 6). The difference may be due to the 
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The time of birth has a great effect on weaning weight. Calves 
born early are heavier at weaning than those born late in the calving 
season. As stated before, nutrition plays an important role in 
allowing a cow to conceive early in the breeding season. Beyond 
the additional time in which to gain weight, early calves have a 
higher rate of gain (Minyard, 1973). Dunn (1975) reported that 
70 percent of the top one-third of a calf crop were born in the 
first 20 days of a 60-day calving season. The average daily gain 
of the calves in the top one-third of the calf crop was 1.68 pounds 
comp ared to 1.28 pounds/day of the late calves in the bottom one-
third. 
It is difficult to separate the effect ·that the calf's vigor 
and genetic growth capability, the dam's milking ability, and quality 
of forage have on weaning weight. Weaning weight is the summation 
of all of these factors. Table 6 shows, however, that the high 
or recommended nutrition level of the dam both before and after 
calving increase the daily gains and weaning weights of calves. 
Survivability of calves 
Precalving nutrition of the dam also influences the health and 
vigor of the calf. Maynard and Loosli (1969) and Neumann and 
Snapp (1969) state that the vigor of the calf is influenced by 
the nutrition level of the last quarter of gestation. Proper 
nutrition insures a good strong calf and increases its chances 
of survival . In first calf heifers, Corah et al. (1974) reported 
that the neonatal loss was 7 percent higher in heifers receiving 
65 percent of recommended TDN as compared to 100 percent of the 
requirement. Dunn (1975) and Dunn et al. (1969) reported 9.5 
percent calf loss in energy retricted dams compared to no losses 
when sufficient energy was provided . 
The influence of the precalving nutritional level of the dam 
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on the vigor of the calf extends past birth. Corah et al . (1974) 
reported that calves from energy restricted dams were more susceptible 
to scours. Fifty-two percent of the calves from low nutrition dams, 
compared to 33 percent from high nutrition dams, developed scours . 
Nineteen percent of the calves from the low nutrition dams died from 
scours. The neonatal death loss was also 9.6 percent higher among 
the low nutrition dams. The total result was that the dams on the 
recommended nutrition level weaned 28.6 percent more calves, of the 
calves born, than thos e on a low nutrition level. 
General Livestock Management Practices 
Supplementation of livestock diets 
Where any nutrient is inadequate in an animal's diet, whether 
it be deficient in the vegetation or just that the animal is not consuming 
enough . feed t o obtain the proper amount of the nutrient, supplementation 
of that nutrient is essential if high production is to be maintained . 
The highest quality supplements will naturally produce the greatest 
production, but a slight increase in production may not pay for 
the cost of expensive supplements. The test of the supplement is 
that it economica lly produce the desired results. 
There are many different purposes or conditions for which an 
operator would want to supplement his herd. He must first define 
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his production objectives, determine which nutrients are deficient, 
and then provide the nutrients in a supplement to obtain the desired 
results. 
It has been shown that the rapid gains during spring and summer 
compensate for the winter weight loss of non-supplemented cattle 
(Parker~ al., 1974). Thus, in feeding out young animals on range 
and pasture to be sold in the fall, a high level of supplementation 
would not be necessary. However, if the animals were to be sold in 
the spring, the higher gains from supplementation would be warranted. 
Likewise, in growing out replacement heifers to be bred at 14 months 
and calve as 2-year-olds, a high level of winter supplementation 
would be desirable to insure she we i ghed over 600 pounds and had 
reached puberty. 
The key to an effective supplementation program is to identify 
the deficient nutrient and provide it. Providing the wrong 
nutrient or incorrect combination of nutrients in a supplement will 
result in inefficient use or even decreased production. Cook and 
Harris (1968b) found that high energy supplements greatly reduced 
the digestibility of a fibrous diet. Carrol~ al . (1966) found 
that feeding a protein supplement during a drought where energy was 
severely lacking caused ovarian inactivity and post-partum anestrus 
in young lactating cows. 
Over supplementing can also be a problem. Over-fat cows have 
more difficulty in ca lving and thus l ose more calves and h ave lower 
conception rates (Minyard, 1969; Maynard and Loosli, 1969; Bond and 
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Wiltbank, 1970). Their milk production may also fue hindered, resulting 
in lighter weaning weights of their calves (Waldrip and Marion, 
1963). 
Supplement during drought. Wallace and Foster (1976) indicated 
that the reduction in beef production during drought could be 
minimized by supplemental feeding of nut rients lacking in the diet. 
Both energy (or dry matter) and protein would become limiting during 
the drought due to reduction in total herbage and low nutrient content 
of the vegetation. The two entries in Table 7 from drought conditions 
reveal that supplementation can greatly increase weaning weights and 
conception rates. 
Seasonal supplementation. Supplements have also been effective 
in supplying deficient nutrients during the dry or winter season 
(Table 7). Since plant growth has stopped, the quantity of herbage 
is limited, plus its availability may be reduced by snow or other 
climatic factors. The nutrient quality of the forage, specifically 
protein, carotene and phosphorus, drops to extremely low level 
in grass and to a lesser degree in shrubs. These seasons, therefore, 
have similar effects as drought on livestock production but their 
occurrence is predictable and can be planned for. Supplements 
can be used to maintain production or increase it during these 
seasons. 
Supplements are not a "cure-all" that will increase calf 
production under any situation. Where nutrients are lacking in the 
forage, supplying them can maintain a high level of production. 
However, if sufficient quantities of forage are available containing 
Table 7. Summary of papers comparing calf production from supplement ed and nonsupplemented 
cows . 
~plemen:ed 
Calf We.ln Pr od. Calf 
R~s'l!;rche:- Loc.:;tio:'l c rop weigh t per cow c rop 
(:) (lbs) (lbs) (%) 
~A;n~m ~ ~· California 66 406 270 83 
1959 
Kr.ox t. ~'atkins New ~.e:xico ,. 380 289 85 
1;ss 
~a !~ri? 5. ~r~on Te)tol.S 84 90 . 5 
!:t6J d1fi. 
?!":':Ci'~!!.l· 001.1.1hOQ.'l. ... ~i~~:~}Y 81 1972 
P.J.ri..t'r!.!..!.l· 
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adequate amounts of nutrients, supplements then become just an added 
e xpense that won't increase production and in some cases, it will 
decrease production. Knox and Watkins (1958) reported that in normal 
years, supplement did not increase production in mature cows. 
However, young growing cows did benefit from supplementation. Bellows 
and Thomas (1976) showed that a grain supplement in a good forage 
year actually decreased the productivity of cows. The calf weaning 
weights were not affected by the supplements, but the conception 
rate dropped from 94 percent among cows on range forage to 61 percent 
among cows supplemented with grain. The range forage appeared to 
supply the required nutrients and the grain supplement acted as a 
substitute rather than a supplement for the forage and decreased 
intake. 
Pinney~ al. (1972), in a study of the lifetime productiveness 
of beef cow herds in Oklahoma, reported that total amount of beef 
produced per cow was greater in the low level of supplementation 
(60 percent of recommended level) than at recommended levels and 
greater. The low level produced 340 kg more beef than the recommended 
level and 478 kg more beef than the high supplement level. The calf 
crop of the low level was 88 percent compared to 82 percent and 81 
percent or the recommended and high level, respectively. 
The longevity of the cows was also greater in the low supplement 
level. The life span of the low level was 14 . 65 years. The moderate 
level was 13 years and the high level was 11 years. Pinney concluded 
that cows were more productive in Oklahoma without protein winter 
supplement if adequate forage is present. 
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Performance testing 
Performance testing is a means of measuring the reproductive 
and economic traits of a beef herd. The productivity of individual 
cows within a herd can be compared by measuring the performance of 
their calves . Selection for the high producing cows can be made 
while culling the low producers. Over a period of time the per-
formance of the entire herd can be improved by keeping replacements 
with high performance records which come from highly productive cows. 
The economic traits for which most commercial producers select 
a r e fertility and weaning weights. Fertility, which is a major 
component of calf crop weaned, is the most important economic trait 
in beef production. However, the heritability of fertility is 
low--only 10 percent (Minish, 1975)--thus rate of improvement in the 
herd will be slow. However, replacement heifers from those cows that 
calve regularly and early in the calving season should still be selected . 
Those cows that ca lve beyond the 12-month calving cycle or skip a year 
without calving should be culled. An operator cannot afford to keep 
a dry cow. 
Weaning weight is the next most important economic trait. 
It is a result primarily of the dam's mothering and milking ability. 
Its heri tability is 25 percent (Leasay, 1972). By selecting for 
cows that wean heavy calves, the average weaning weight can be improved 
substantially. In order to compare weaning weights, they must be 
standardized or adjusted for age, age of dam, and sex. The Beef 
Improvement Federation (1972) has given standards to adjust weaning 
weights for comparison: 
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Age of calf. The age of the calf is adjusted to a standard 
205-day age a t weaning by the following formula: 
AWW = WW - BW x 205 + BW 
A 
where: AWW =adjusted 205-day weaning weight, 
WW actual weight of calf, 
BW birth weight of calf, and 
A actual age of calf in days. 
Time of calving has a great impact on weaning weights. Calves born 
early are generally heavier than late calves and are thus more valuable. 
If this trait is to be interjected into the comparison, the actual 
weaning weight should be used rather than the 205-day adjusted 
weaning weight. 
Age of dam. Maturity of the cow affects the size of her calf. 
Young cows bare smaller calves (Pope, 1967) . Milk production is 
usually less for young and old cows, thus further reducing the weaning 
weights. The weaning weight is adjusted by the following ratios 
to c ompensate for this age difference: 
2-year-olds - multiply" computed 205-day .. weight by 1.15 
3- year-olds - 1.10 
4-year-olds - 1.05 
5-10-year-olds - 1.00 
11-year-olds - 1.05 
Sex. The male hormones produce a greater growth stimulus than 
the female. Heifers are adjusted up and bulls adjusted down to 
the steer weight for comparison. Usually, calves are only compared 
to those of the same sex. 
Heifers - multiply adjusted 205-day weight by 1.05 
Bulls - multiply adjusted 205-day weight by .95 
Weaning weight ratio. This ratio is a numerical ranking of 
the individual calf in the group in which it was weaned. 
adjusted weaning weight 
average adjusted weight of all calves in group 
Most probable producing ability (MPPA). MPPA is a method of 
ranking cows by their cumulative production. It is useful in 
31 
comparing dams which do not have the same number of calf records in 
their averages. Those cows in the herd with the lowest MPPA should 
be culled and replacements kept from only those with high MPPA. 
-H + NR 
MPPA = 1 + (N-l)R X 
where: H = 100, the herd average weaning weight ratio, 
N number of calves included in cow's average , 
R = 0.4, the repeatability factor for weaning weight ratio, 
C = average weaning weight ratio for all calves the cow 
has produced. 
Records. Records are the key to performance testing. The 
following items must be adhered to and an up-to-date record kept. 
1. Permanent identification of cow. 
2. Permanent record for each cow. 
a. birth date 
b. birth date of each calf 
c . actual and adjusted weaning weight of each calf 
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3. Carefully relate calf 's identification to the identification 
of it's dam. 
4. Birth date and birth weight of calf. 
Breeding season 
One way of insuring a high proportion of early calves is to 
have a short breeding season (45-60 days). The breeding season can 
be manipulated to concentrate the calving season and give all the 
cows in the herd a minimum amount of time to resume the normal 
estrus cycle prior to the beginning of the breeding season. A 
breeding season of 90 days results in the last cow calving 8 days 
into the breeding season . Her calf is late and she will probably 
continue to calve late. It is very difficult for a cow to gain time, 
or calve earlier in the season, due to the long ges tation period 
and the burden of lactation. 
A breeding season of 45 days gives all of the cows at least 
37 days before the breeding season begins to return to estrus and 
sta rt cycling. A breeding season of 60 days gives all the cows a 
minimum of 22 days before the breeding season. This insures that 
a high percent of the cows will be in heat during the first 20 
days of the breeding season, and also that a high percent will 
conceive at first service (Kaltenback, 1973). Burns (1967) states 
that most of the cows that will settle will do so within the first 
three estrus cycles or 60 days. He maintained a 95 percent calf 
c r op by limiting the br eeding season to 60 days. 
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The key to a successful limited breeding season is proper 
nutrition. The cows must receive all the nutrients they require 
for lacta tion, growth, and reproduction in order to conceive within 
the limited time. 
A short breeding season may be of limi ted use on an extensive range 
ope ration. Rounding up the bulls at the end of a short breeding 
season may be difficult. Also, many grazing associations require 
a specified bull to cow r a tio on a grazing allotment for the entire 
summer. However , a prudent ope rator could get the benefits of a 
modified breeding season by pregnancy testing in the fall and culling 
the open cows a nd also those which will calve late. He could also 
move up the breeding and calving season and thus make sure most of 
his cows are pregnant before going onto the summer range. 
Advantages of Seeded Spring Pastures in 
Calf Production 
The previous sections have stated that improved nutrition or 
the recommended amounts of nutrients increase reproductive efficiency 
in beef cows. Most of these experiments we re conducted in feed lots 
with the intake and amount of nutrients carefully controlled . Range 
and pasture experiments a r e more difficult to conduct because of 
lack of control ove r intake quantity and nutrient content of the diet. 
However, some gross comparisons between seeded pastures and native 
range show tha t good spring pastures can substantially increase beef 
production . 
Total pounds of calf produced on 
seeded spring pas tures 
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Tota l pounds of calf weaned pe r acre can be increased by grazing 
seeded s pring pas tures comprised of cool season grasses as compared 
to native range. Fertility of the cow, as indicated by percent calf 
crop, is higher on the seeded pastures. The ave rage daily gains 
a r e slightly higher and there is a large increase in s tocking r a t e . 
The summary of the four experiments in Table 8 reveals that the 
average daily calf gains on seeded pasture increased 30 per cent, 
from 1.54 pounds on nat i ve range to 2 pounds on seeded pasture. 
The carrying capaci t y increased from 7.4 ac r e/AUM on native range 
to 2.4 acre/AUM on seeded pasture or 208 percent. The ca lf production 
per acre increased fr om 7.6 pounds/acre on na tive r ange to 25.6 
pounds/acre on seeded pasture. At $36 .00/cwt the 18 pounds/acre 
inc r ease in beef would give an increase in gros s annual return of 
$6.48/acre. 
Imp r oved fertility from seeded 
spring pastures 
Table 9 reveals that calf c r ops can be increased on seeded 
spring pastures compar ed with native range. Generally, good condition 
range would not be converted t o coo l season pas tures, but if a small 
area was to be placed under intensive management, the seedings 
could increase the calf crop 10 percent (Houston and Urick, 1972) . 
When native foothi ll sagebrush grass range in poor to fair condition 
is seeded to cool season spec i es, calf crop can be expected to 
increase 30 percent (Frischknecht, 1964). 
Table 8. Summary of papers comparing total calf pr oduction from seeded spring pastures 
with native range. 
Researc her Location 




Lloyd • Cook 
1960 Utah 
Coolr. 1966 Utah 
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27 
3.8 1S.6 
2 . 4) 24 
2.4 25 . 6 
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Production per arre ca lculated by a .odified for.ula of Lloyd and Cook (1960) where: 
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D • days of grazing 
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21 186 27.0 300 
100 14.0 107 
69 197 12.2 359 
43 311 19.0 280 




Spring pastures offer many other benefits associat ed with calf 
c rops (Houston and Urick, 1972; Kearl and Cordingly, 1975): 
1. Relatively confined calving pastures facili tate observation 
and enables the operator to render assistance in difficult births. 
2. Seedings make good flushing pastures. The abundant, 
accessible, and highly nutritious grass meets all of a lactating 
cow's nutritional needs. 
3. Relatively confined breeding pastures increase the opportunity 
for breeding and requires fewer bulls. 
Table 9. Summary of papers comparing calf crops from native range 
with seeded spring pastures. 
Researcher Location Native range Seeded pasture Increase 
(%) (%) (%) 
Houston and Northern 
Urick, 1972 Great Plains 81.3 91 10 
Frischknecht, 
1964 Utah 65 . 0 95 30 
Kearl, 1975 Wyoming 10 
Wiltbank, 
1976 Texas 84.0 93 
(poor pasture) (good pasture) 
Weight gains from seeded spring pasture 
In addition to the data on increased production s ummari zed in 
the preceding two sections, many other researchers have evaluated the 
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lncr~ased weight gains obtained from spring pastures compared to 
native range. Table 10 reveals that the average weaning weight 
increased from 392 pounds on native range to 412 pounds on seeded 
pasture . The average increase of 20 pounds (5 percent) was gained 
mainly from grazing seeded pastures in the spring. The average daily 
gains on seeded pastures was 1.97 pounds compared to 1.4 pounds on 
native range. This represents an increas e of 44 percent in a verage 
daily gains during the spring grazing season. 
The increase in calf production results mainly from the increase 
in available forage. On native range, there is usually a variety of 
s hrubs, grasses, and forbs that vary considerably in palatability. 
As the condition of the range declines, the abundance of the unpalatable 
vegetation increases while the desirable grasses, forbs, and shrubs 
decrease. Thus the quantity of palatable forage declines with 
declining condition of native range. Those palatable grasses and 
forbs that do remain a re often protected by the dominant shruhs 
and are unavaila ble to livestoc k. 
In con trast t o native range, almost all of the vegetation on 
seed ed pastures is available. Prior t o seeding, brush control is 
usually administered to remove competition for soil moisture and 
nutrients. Also, most seeded improved species are high in palatability. 
The nutrient content of seeded grasses is not much different 
than native grasses. However, growth begins earlier in the spring 
for most seeded grass species (Cook and Harris, 1968a). This 
ea rli er growth adds high quality protein to the old growth and hastens 
the period of high livestock gains . Seeded grasses also retain more 
Table 10. Summary of papers comparing calf ga ins on seeded pastures wi t h native range. 
Native Range Seeded Spring Increase 
Pasture 
Researcher Location \;ean Ht. ADG \;ean Ht. ADG Wean Ht. ADG % 
Housto n and Urick 1967 Montana 415 l. 76 433 2.13 18 0.37 21 
Houston and Urick 1972 Montana 433 453 20 
Clanton 1969 Nebraska 328 1.16 339 1.41 11 0 . 25 21 
Currie 1966 Colorado 392 424 32 
Jefferies 1967 Wyomin g 1. 73 1.80 0.07 
Springfield & tRe i'd 1967 New Mexico 1.16 2 .18 1.02 88 
Lloyd and Cook 1960 Utah 1.3 2 . 2 0 . 9 69 
Cook 1%6 Utah 1.37 1.97 20 0.6 44 
Mcilvain 1976 Oklahoma 700 2.25 
Frischknecht and Harris 
1968 Utah 1.8 
Kearl 1975 Wyoming 20 
Smoliak and Slen 1974 Canada 55 
Average 392 1.4 412 1. 97 20 .57 44 
w 
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of their nutr ients at maturity than native grasses (Cook and Harris, 
1968a). This extends the period in which the seeded grasses can meet 
th e nutrient demand of livestock and can sustain a high level of 
production. 
Carrying capacity increase from 
seeded pastures 
Much of the literature reviewed included increased carrying 
capacity as one of the benefits of seeded pastures. Table 11 
lists several studies that compared the carryin g capacity of native 
ran ge to that of seeded pasture in the Intermountain and Great 
Plains a reas. The carrying capac ity of native range in the sagebrush-
grass type in the Intermountain a rea ranged from 66 acres/AUM 
in poor condition to 10 ac res/AUM in fair condition to about 
2 acres/AUM in excellent condition. In con trast, the carrying capacity 
of seeded pastures ranged from 3 .66 acres/AUM to .75 acre/AUM on 
these same sites. The average percentage inc rease was 348 percent. 
The ca rrying capacity of native range on shortgrass and midgrass 
prairies of the Great Plains ranged between 5 and 3 acres/AUM. The 
carrying capacities on seeded pastures ranged between 2.5 and .83 
acres/AUM. This was an average increase of 192 percent. The carrying 
capacity of irrigated pastures were measured in AUM/acre and 
r a nged from 2 to 18 AUM/acre in Nebraska and Oklahoma. The average 
increase in carrying capacity of seeded pastures over native r ange 
was 368 percent. 
Table 11 . Summary of papers comparing the ca rrying capaci ty of seeded pastures with 
native range. 
Kat he range Seeded 2aature 
Acre/ Acre/ Percent Increase Early 
Researcher Year Location ,.,,. Condition AUH Type AUH u .. (%) 
1~TEil'10U~TA.lN AREA 
Frischknecht 1964 Utah Sagebrush- Poor 12-25 C\1 2.5 621 2 W.a . 
grass 
Lloyd & Cook 19&0 Utah Sagebrush- fair 11.) C\1 ).8 l99 
grass 
Cook 1966 Uta h Sagebrush- Fair lO C\1 2.4] 55-60 )ll 
grass 
Rtr~sley 1971 Idaho Sagebrush- Excellent 1283 lblac. 2782 lb/ac ll6 
grass 
Springfield 1963 New He:dco Sagebrush Poo< 66 C\1 ).66 65-70 
Blue gral!na 
Gray & 
Springfleld 1962 New Hedco Sagebrush- 114 lb/ac. C\1 976 l b/ac 756 
b lue gra11:uaa 
GREAT PLAISS 
Smolbk & Slen 1974 Alberta Hidgraaa 4.6 C\1 RW 2.5 ., 
prairi e 
Houston & 
L'rick 1972 Montana K.ixed prairie Good 4 . ) CW RW l.5 70 l96 10 daya-5 wka 
Alf 
Kearl & 
Cordlng ly 1975 Wyoming Poor to 2. 7-5 CW RW 1-1.5 )9) 
fair Alf W 
Jerhriea 196 7 lo'yo11ing Short & mid- CW RW 2 lOO 
grass prairie Alf 
Currie 1966 Colorado Ponderosa pine 4.16 CW RW 
bunch grass Big bluearau 40l 1 .,nth 
!.arns E. Nelson 19SO \lyom.ing Shonarass C\1 RW 200-300 
prairie WW Alf 
l.ang ' Landers 1960 \lyoaling 30 
"" 0 







Other benefits of seeded spring pastures 
Seeded spring pasrure offers advantages to the livestock 
operator other than increased fertility and calf production mentioned 
earlier. Spring grazing, even when properly managed at moderate 
intensities, is detrimental to native range. Houston and Urick 
(1972) observed that grazing native range during April-June, under 
moderate intensities (44 percent utilization), changed the condition 
of the range from 62 percent of climax (good} to 53 percent of 
climax (low good) in just 4 years. The literature reviewed indicated 
that seeded spring pastures were ready for grazing 2-5 weeks earlier 
than native range. They therefore offer a means of deferring native 
range during these critical spring months as well as reducing the 
amount of hay fed in the late spring. 
If livestock are taken off the seeded pastures at the beginning 
of summer when there is still adequate soil moisture, or if there 
is substantial summer or fall precipitation, regrowth of these seeded 
grasses can be expected and can provide excellent forage for fall 
grazing (Springfield, 1963; Cook, 1966; and Frischknecht and Harris, 
1968). 
Calf gains usually decline toward the end of summer and fall 
due to maturing forage. Both nutrient content and digestibility of 
the forage de c line. If there is regrowth of seeded grasses following 
spring grazing , maturity is delayed and the nutrient content of the 
seeded grRssPs mee t the livestock requirements for a longer period 
in the fall. Therefore, gains can be maintained into the fall 
on seeded pasture s (Currie, 1966). 
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Climate, though uncontrollable, has the greatest influence 
on forage production. In drought, seeded pastures have shown less 
fluctuation than native range--particularly poor condition range--and 
can thus add more stability to an operation. Houston and Urick 
(1972) report ed a drought that r educed forage production from good 
condit ion native range by 45 percent while the seeded pastures remained 
unaffec ted. Cook (1966) stated that in the drought year of 1956, 
in which annual precipitation was only 60 percent of normal, ground 
cover of crested wheatgrass was reduced only 16 percent compared to 
an average reduc tion of 25 percent of other grasses. 
Forage species for seeded spring 
pasture 
Almost a ll of the literature reviewed r e ported the use of 
crested wheatgrass (Agropyron c ristatum, ~- desertorum) in seeding 
sp ri ng pastures. Russian wildrye (Elymus juncus) was mentioned in 
a bout ha lf of the research. Cook (1966) sta ted that crested wheat-
grass started growth earliest in the spring of three other 
wheatgrasses tested--pubescent wheatgrass (Agropyron trichophorum), 
intermediate wheatgrass (~. intermedium), and tall wheatgrass 
(~. elongatum)--but was one of the first to mature. He recommended 
tha t crested whea tgrass be used first in the spring and then use 
some of the later maturing grasses--pubescent and intermediate 
wheatgrass--in the late spring in order t o utilize seeded grasses 
wh e n they are most nutritious thrnugnout the spring. Houston and Urick 
(1972) reported that Russian wildrye-alfalfa (Medicago sativa) 
pastures produced higher gains and calf crops than crested wheatgrass-
alfalfa. However, regrowth for fall grazing was greatest on the 
c rested wheatgrass-alfalfa pastures. 
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When alfalfa is added to either crested wheat or Russian wildrye, 
the carrying capacities of pasture can be increased by one-third 
over the straight grass pastures (Whitman~ al., 1963; Barnes and 
Nelson, 1950). 
Irrigated pastures 
Nichols ~ ~· (1974) reported carrying capacities from irrigated 
pastures in Nebraska ranging from 5.4-18 AUMs/acre, with an average 
of 10-13 AUMs/acre. They concluded that herbage yields and profits 
from the pastures will compete with other crops. Irrigated pastures 
can be profitable when they can fill a forage need cheaper than other 
sources . Another advantage is that the high quality forage can also 
fill the nutrient requirements during the critical periods of the 
reproductive cycle. 
As the intensity of management increases, so does the returns 
per unit. Mcilvain (1976) suggests using seeded grass and annual 
temporary pastures to complement the mid grass native range i n the 
Southern Great Plains. Eleven acres of native range and 1 acre of 
farmed forage (winter wheat and sudan grass) were used to support 
a cow-calf pair for full year. This combination produced average 
daily gains of 2.25 pounds in the calves. The native range provided 
stability and flexibility and the farmed forage supplied quality 
and quantity of forage. This provided year-round green feed and 
allowed each forage component to be rested during its critical 
development, and used during its most productive period. There 
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are also advantages in flushi ng and breeding pastures, and the 
opportunity existed to harvest excess forage to use as supplement if 
necessary during the winter months. Mcilvain's goal is to wean a 
1,000 pound steer at 1 year of age. 
Effect of Grazing Intensity on Calf Production 
On any livestock operation, whether it be an extensive range 
operation or confined pasture, grazing intensity or stocking 
rate has a great effect on the livestock production. If the numb er 
of animals is out of balance with the feed available, overgrazing 
and reduced livestock performance, or under-utilization of the costly 
land and capital resource will occur. 
Table 12 lists several experiments where livestock production 
from cow-calf operations were compared in three intensities of 
grazing: light, moderate, and heavy. Production was calculated in 
two categories: 1) pounds of calf produced per cow, and 2) pounds 
of calf produced per acre. 
Production per cow 
Table 12 shows that the light stocking rates on native range 
produced an average of 358 pounds of calf per cow compared to 340 
pounds from moderate and 260 pounds from heavy stocking rates. 
Stoddart, Smith and Box (1975) indicate that at low stocking rates, 
the diet is not limited. Cows and calves are able to exercise 
grazing selectivity for the desirable forage and select the most 
palatable and nutritious plants and parts of plants. Thus, if 
disease, social behavior, and other factors influenced by management 
Table 12. Summary of papers compa ring calf production on light, moderate, and heavy grazing 
intensities. 
Lt ht !-Ioder ate 
;l.ese."l:-cher Loca tion Acre/ Wean % Lbli, Lbs. A.cr:e / \.lean % Lbs. Lbs. Acre/ - wCan % Lbs. 
;..l.'X "'· ADC calf calf calf AIJH we AOC calf calf ca lf AUM w<. ADG calf calf crop ""' P" crop P" P" CtO;:J poe <OW acre <OW acre OOW 
S.Ut\•e il:an11:e 
:S.ous~on and ~o. Great 4. 31 420 1.91 91 384 a. 7• 3.48 402 1.83 84 333 9.6* 2.44 348 1.56 63 21 6 
·.:aoC.1oa:-d 1966 ?labs 
..:oi'.:'I.SoJ:"! S . Jait.:.ta ).! "' 1.67 85 326 14 2. 3 J73 1.59 86 321 19 1.4 367 1.49 S6 315 ~ t a:. H51 
:...e ·.·is e : d. 1956 •.:es t S. 3. 78 J70 1.3 83 307 8 . 6* 2.85 350 1.27 72 259 9.6• 1.82 316 1.1 78 247 
!lakota 
Ree d and so. 3.1 443 1.9 87 385 16' 2.3 43 7 1.89 90 393 22 • 1.8 410 1. 76 82 336 
Pctersan 196i Great Plains 
~~ .. 1rs:- .! t a 1. !'!a::l ::<l:la 39ac / 435 90 391 JOac/ 442 89 393 2lac/ 372 70 260 
i ~ )9 cov yr cow yr cow yr 
AVI!!'"a;C" 3.57 410 1.69 87 358 11.8 2 . 7 402 1.64 84 340 15 1.86 362 1.47 76 275 
C re st~.:! ' •~"leat;;:-c.ss 
()7)a ( 43) a 
r:tsc~.k:-:~:ch t Ct.a h 2 . 24 1. 78 23 . 5* l.B 1.82 30' 1.49 1.7 
:1.:1:! i'..>r ~~ s l 'l5S 
S;n!r.;:fit:ld 1Ci6J :ieiJ l!ex . 2.)4 19 . 8 2.13 27.7 2.13 
Average 2.1 21.65 1.97 28.8 1.9 
* Pounds of calf per acre calculated from oodified folllula of Lloyd and Cook, 1960. 
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ace optimum, lives t ock can appcoach th ei c genetic potential in 
fe rtility and gains . Johnstone-Wallace and Kennedy (1944) s tate 
that as dey matter pee acre decreased through grazing , so did the 
dry matter intake of the animal. Furthermore, Leigh, Wilson , and 
Mulham (1968) reported that as available forage decrease d through 
grazing, and the digestibility declined with the maturing of the 
f orage , production as measured by wool growth on sheep dropped off. 
They also noted that as the avai l able forage decreased because of 
grazing, the grazing time of the animals i ncreased. 
Marsh (1959) reported that the decline in animal produc tion 
is a r esult of dec r eased quantity of forage only. The nutrient 
content of the fo rage in the heavily stocked pasture was similar 
to the light stock pastures. Cook, Kothmann, and Harris (1965) 
agr eed tha t there is little difference in nutrient content and 
digestibility of forage on good and poor condition range as brought 
abou t by light and heavy stocking. However, on the heavily grazed 
poor condit ion range, the scarce palat able plants were readily 
consumed at the beginning of the gr azing season. Thereaf ter the 
animals were forced to go on to the less palatable plants and their 
total intake dec lined. 
Martin (1975) stated that animals on an overstoc ked r ange must 
use a higher percen t of t otal intake for maintenance. On full feed, 
an animal uses 70 percent of the intake for maintenance and 30 percent 
fo r growth, lactation, and production. If ove rstocking the range 
r educes intake to 80 percent of the requirement, only one-third 
as many nutrients a re avai l able for growth, lactation, and reproduction. 
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Production per acre 
Table 12 also indicates that pounds of calf weaned per acre 
increased from a low o f 14.72 pounds/acre on light intensity to 
18.7 pounds/acre on moderate, and 23 pounds/acre on heavy intensities. 
Even though the production per cow decr eased, the numbe r of cows/acre 
increased, therefore increasing the total production per a cre. 
There comes a point, however, when i ncr easing number of animals per 
acre depresses production per cow so that total production per 
ac r e begins to decline (Figure 2). 
Grazing intensity and range 
condition 
In most of the studies r eviewed, r a nge condition declined as 
grazing intensity i ncreased (Table 13). The heavy grazed pastures 
decreased in condition and productivity while the moderate and 
lightly grazed pastures improved in condition and productivity. 
The vegetation is the c rop that is being harvested and producing 
the animal gains . As a basic resource, it must be protected to 
produce maximum sustained yields in terms of quantity and quality 
of for age . Stoddart et al. (197 5) state that livestock production 
i s not a good indicator of range health. The range condition may 
be gin to deteriorate long before any dec r eased livestock production 
is noti ced . They further state that heavy grazing causes undesirable 
cha nges in speci es composition and reduces the carrying capacity 
of the r ange . Houston and Woodward (1966), Johnson et al . (1951), 
a nd Lewis ~ al . (1956) all r eported that heavy grazing intensity 
reduced the condi tion of the range and thus reduced its capacity to 
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3.!53 3.418 2 .68 2.44 ACRES~UM 4 .31 3 .62 
UGHT MODERATE HEAVY 
STOCKING RATE 
Fig. 2. Effects of stocking rates on beef production (Houston 
and Woodward, 1966). 
Table 13. Summary of papers relating range condition to grazing intensity. 
Condition change due to 
grazing intensity 
Condition 
Range at start Percent Percent Percent 
Researcher Year type of study use a use8 use a 
Houston and 1966 Mixed Fair Good High Fair 
Woodward prairie fair 
Johnson et 1951 Mixed Good 37 Exc. 46 Good 63 Fair 
al. prairie 
Le1.'is et al. 1956 Short and Good 28 High so Low 69 Eair 
mid-grass good good 
prairie 
Frischknecht 1958 Crested 39 Wolf 54 80 Shrubs 
and Harris wheat plants invaded 
incr. 
Springfield 1963 Crested 41 55 69 
wheat 
a 




















M,·flfee ~ al. (1975) made an excellent compa rison of calf 
produc tion on excellent a nd fair condition range in eastern Wyoming. 
Two pastures, 640 acres in size and each on loamy range sites 
were compared. The fair condi tion pasture carried 19 cow-calf 
pairs for the summer grazing season. Average daily calf gains were 
1.4 pounds and 6,500 pounds of calf were produced. The excellent 
condition pastures carried 32 cow- calf pairs. The average daily calf 
gain was pounds and a total of 12,800 pounds of calf were sold 
off that pasture. The excellent condition range produced twice 
as much beef as the fair condition range. 
In the short run, heavy stocking will produce maximum production 
per acre (Martin, 1975). However, if this "mining of the land" 
con tinues indefinitely, productivity of the land and livestock will 
decline a nd so will profits. On the other hand, light stocking may 
not be desirable either. Stoddart (1960) questioned whether maximum 
production per animal, which is gained from light stocking rates, 
was ever an economically sound management objective. Bement 
(1969) suggested that vegetation, livestock and economics should 
be considered in the management decision of which rate to stock 
a range . Cost of grazing is a very important consideration in 
determining stocking rate for the rancher. The total cost (fixed 
plus variable costs) associated with grazing must be equal or less 
than the revenue generated (pounds of beef sold) from grazing a 
piece of land if the rancher is to remain in business over the long 
run (Whitson and Ragsdale, 1976). The objec tive of the rancher is 
to maximize returns per acre or unit of land area over the long run. 
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The long run time frame necessitates a sustained yield of forage 
which precludes excessive grazing to the point of deterioration of 
the forage and soil resource. Therefore, from the long run stand-
point, the correct stocking rate from an economic point of view would 
never entail overgrazing. 
In a situation where the grazier was the owner of the land, or 
he leased the land on a per acre basis, the land resource becomes 
a fixed cost. The grazier would be forced economically to stock 
the range at a rate which would pr oduce near its long term maximum 
biological production in pounds of beef per acre (Whitson and 
Ragsdale, 1976). The variable costs (transportation, maintenance, 
supplements, veterinary, etc.) would be relatively small compared 
to the large fixed cost of the capital resource. 
In a situation where the grazier leased grazing on a per head 
or AUM basis, the optimum stocking would be substantially below the 
maximum biological production . The lease fee would be added onto 
the other variable cost to produce a relatively high variable cost of 
grazing. The optimum stocking rate would be where the net returns 
are maximized. Each additional animal on a grazing unit adds an 
equal increment of cost. But, according to the law of diminishing 
returns, the output from each additional unit of input becomes 
smaller and smaller (Leftwich, 1969). There comes a point where 
the cost of a unit of input (marginal cost) just equals the value 
of the output which it produces (marginal returns). This produces 
maximum return per acre and would be the optimum rate at which to 
stock in the long run {Workman, 1977, personal communication). 
53 
Several early studies to determine the proper stocking rate, 
both economically and biologically, concluded that moderate stocking 
rates produced the maximum returns to the operator (Ramsbacher, 
1958; Caton, 1959; Costello, 1959). All of the research reviewed 
in Tables 12 and 13 concludes that moderate is the best stocking 
rate to maintain the range condition and still get acceptable livestock 
production. In a summary of grazing intensities' effect on gains 
of steers and heifers, Stoddart et al. (1975) stated that moderate 
grazing intensities were most practical for the Great Plains and 
Western United States. Stoddart (1960) stated that the range 
manager's task is to detect vegetation changes and achieve a balance 
that maintains an acceptable level of production from both livestock 
and other range products. 
Grazing Systems 
Grazing the rangelands has been compared to farming, however, the 
application is backwards. A farmer spends a good deal of his time 
pulling, clipping, or spraying weeds so his crops will grow better. 
On the range, the livestock clip the good forage plants while the 
weeds go undisturbed (Arizona Interagency Range Committee, 1973). 
The forage plants are the primary producers on a range site. 
Therefore, their growth requirements must be met if they are to 
s urvive and produce forage for livestock and wildlife. However, 
repeat grazing during the growing season for several years is 
detrimental to plants. The damage ranges from slight during early 
growt h and maturity to very severe during rapid growth prior to 
54 
seed set (McCarty and Price, 1935; Blaisdell and Pechanec , 1949). 
If the f orage plants are grazed at their critical periods year afte r 
year, they soon lose their vigor, production drastically decreases 
and the plant eventually dies. 
The Arizona Interagency Range Committee (1973) lists two 
approaches to minimizing grazing damages: 
1. Graze light enough that the forage species won 't be damaged. 
2. Rest periodically to permit plants to regain vigor, produce 
seed, and establish new seedlings. 
Light, continuous use has been tried in many areas with varying 
degrees of success. A majority of the papers reviewed stated that 
continuous grazing provided greater individual livestock gains 
than a grazing system, but it did not maintain the desirable forage 
species. Steger (1970) stated that r a nchers cannot economically 
stock their ranges light enough to maintain the better forage grasses 
under continuous grazing. Ragsdale, Huss and Hoffman (no date) 
stated that continuous grazing keeps plants in low vigor and thus 
low condition even under light stocking. The Arizona Inter agency 
Committee (1973) stated that con tinuous grazing at appropriate 
s tocking levels is a good strategy and s uperior to many specialized 
systems. Howevert continuo us grazing often creates a distribution 
problem. 
Improper distribution, although a sepa rate problem, is r e lated 
to the harmful effects of continuous grazing and is often one of 
the probl ems a grazing system is designed to overcome. The short-
coming of season-long grazing is that the animals are free to return 
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to their favorite areas and graze their favorite plants year after 
year . This is why easily accessible areas are usually overgrazed 
and the less accessible areas are seldom used. This inequity causes 
much valuable forage to be wasted each year while other forage is 
killed out by overuse. Martin (1972) measured the distance that 
use zones extended from water holes. The area within one-half mile 
of water was used very heavily and supported mostly annual grasses . 
Areas between one-half mile and 2 miles of water were used moderately 
and areas 2 miles and greater from water were used very lightly. 
The vegetation in the light use areas were predominantly desirable 
perennial grasses in good condition. 
The alternative to light continuous grazing then is to provide 
periodic rest in order to maintain vigorous forage species in the 
plant community. This is similar to the definition of a grazing 
system given in the Society for Range Management Glossary of 
Terms (1974): "A specialized manipulation of livestock grazing 
with systematically recurring periods of grazing and deferment for 
two or more pastures or management units.'' 
Shiflet and Heady (1971) state some common objec tives of a 
grazing system: 
1. Periodically relieve the grazing pressures from a unit 
to enable the forage speci es to complete a growth cycle to replenish 
the carbohydrate reserve, allow for root growth, restore vigor, 
permit seed production, and to establish desirable seedlings. 
2 . Improve livestock distribution to obtain a uniform utilization 
of forage. 
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3. Maintain a high sustained yield of livestock products from 
the range resource. 
Types of grazing systems 
Heady (1970) defined various types of grazing systems as follows: 
Continuous grazing: 
Unrestricted livestock access to any part of the range throughout 
the grazing season. The grazing season may be yearlong, spring, 
summer, fall, or winter or any combination of the s easonal 
periods. 
Rotation grazing: 
Animals are moved from one unit to a nother on a scheduled basis 
without regard to plant phenology or the c ritical periods when 
plants are most suscep table to grazing damage. 
Deferred grazing: 
Th e unit is not grazed until the seeds of the important forage 
species are mature. This also eliminates the damage which is 
mos t severe when plants are grazed during rapid growth. 
Deferment in a second year permits establishment of seedlings. 
Deferred rotation: 
Deferment is rotated among the unit s of a grazing complex in 
s uccess i ve years. This enables all forage in the grazing 
complex to complete a full growth cycle within a grazing 
sequence. 
Rest rotation (Hormay, 1970) : 
One unit is not grazed for a n entire yea r . This allows plants 
t o compl ete a full growth cycle in order to make and store 
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fond, allow seed to ripen, and allow litter to accumulate 
and return some biomass to the soil. Scheduled periods of 
defe r ment often accompany the rest cycle to allow seedlings to 
become established. The rest and deferment are rotated 
systematically among all units of the grazing complex. 
Short duration-high intensity (Powell, 1972): 
Relatively large numbers of animals are concentrated on a 
unit for a short time and then moved to the next unit. The 
high intensity grazing forces uniform utilization of both 
pala t able and unpalatable forage. The unit is then rested 
for a long period in order to recover from the heavy grazing. 
This system is applicable t o humid areas or irrigated pasture 
wh e re forage becomes rank a nd unpalatable when it matures. 
Best pasture system (Stoddart et al., 1975): 
Animals are placed in the pasture with the best forage condition 
and grazed until 50 percent of the forage is used. They are 
then moved to the next best pasture and allowed to graze one-
half of the available forage before moving on to the next 
pasture, etc. Some pastures may not be grazed in a year and 
some grazed several times. This allows the poor condition 
pastures to improve while the best pastures take the majority 
of the grazing pressure. The condition of the better pastures 
may decline due to the heavy grazing pressure, but the 
overall condition of the range should improve. This system 
works best in arid areas where rainfall is sporadic and 
erratically distributed. 
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Because of the many different grazing systems and many different 
combinations of grazing and rest, comparison be tween the systems is 
impossible . Furthermore, the different range sites and vegetation 
types, the various grazing seasons, as well as the class and species 
of animals add uncontrollable variables that prevent comparison of 
grazing sys t ems . However, most of the papers reviewed c ompared the 
particular system to continuous grazing, or made the comparison of 
uncontrolled grazing before to the effects of the system after it 
had been implemented for a period of years . A simple tabulation was 
made to determine the number of the studies that found the gr azing 
system superior, inferior, or no different than continuous grazing 
in livestock respons e and vege t ative condit ion. 
Deferred rotation. Table 14 is an attempt to summarize 15 
studies on deferred rotation grazin g and to list the important 
findings of each study. The livestock and vegetation response to 
the grazing system, as compared to cont inuous grazing, is notated 
by a plus '+ ' for superior, minus '-' for inferior, and zero 'O' 
for no difference. Eight of the 12 paper s reporting livestock 
response indicated that livestock production was superior in deferred 
rotation grazing systems. However, half of the controlle d studies, 
in which the variables of years, climate, and site were equal, 
reported that deferred rota tion grazing was inferior in livestock 
production . One study on the Edwards Plateau, running mixed ca ttle, 
s heep, and goats, concluded there was no difference in livestock 
production between continuous and the deferred rotation grazing 
syst ems (Merrill , 1954). 
Table 14. Summary of papers comparing livestock and vegetative response from deferred rotation 
with continuous grazing. 
Response or change 
De£erred rotation due t o gra~ing system 
Researcher Year Location Romge Class of Gra:ting Stocking C&rrying 0\ange in Carrying Change in Livestock Veget;~tioo 
type liveatock season rate cap achy Gain veg. condition c•pacity Gain veg. co ndition response 
Le ithead 1960 l.'ashington Palouse Cows & H.a!"-Oct 80 2.9 l!l 7.4 Blue bunch wheat- +lSSl 
prairie calves lb/ac lb/ac grass increased 
Dtllon 1958 Eutern Palouse Cov-calf Ap-Nov Bad distribu- 100% in- Heavier l111proved condi- +1001 
Washington prairie tion pr oble• & crease calves tion, proper 
util. 
Dillon & 1966 Eastern Palouse July- 1000 AUH Poor & fair 2ll0AUH fair & good +lJl% 
lo;a llenceyer Washington ptaltle Dec 
Hyder t 1951 Oregon Palouse Cow-calf Sp, au, +9 lb / 2.69 blue- 561 uti I. -LSI 
S~")'eT p-rairie fall ~ bunch, 1d tea-
coe 391 U. 
b 
Shepperd 1939 !\orth Tall grass Z yr old Hay-Oc t S ac/hd/ 10 AU No change 14 No change +<OX 
Dakota prairie steers s~ 
Rc>gh-rb 1951 :>orth Htxed Steers 5 t~c/ hd +4S lb/ HaiT"Otdned veg . Maintained veg. 
Dakota praJrie hd 
Anderson 
b 1940 Kansas 8lucste• Steers Hay-Oct !i a.c/hd/ 42 lb/ac 65 1b /ac . Crus -.intained +5Sl 
pasture season 1.1 lb 1.) lb ADC better 
ADG 
Herbel &b 1959 Flint Tall grass Steers Hay-Oc.t !i ac/AUK 54 Slight decreaae 42 . S No change -111 
Anderson Hills prairie aeaaon long lb/ac lb/ac. 
11cilvaJn & 1951 Southe rn S..nd sage Sur.ner +10 lb No alg. diff. No aig. diff. 
Savage 0 Plains 
Hoff:nan 6 No Sonora, Cattle, Yearlong Fair +11 AU +100 Good 
R.:igsdaleb date TeKaa sheep & lb/hd 
goats 
Ho Hoa n 6 No Bamhart, Cattle, Yearlong 25 ac/AU 14.4 lb/ 16.2 +121 
R.agsdaleb date Texaa sheep 6 " lb /hd goats 
Ho froan & No Texaa Hid 6 Cow-calf Yearlong 20 ac/AU Calf Sideoata gra .. . + 
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The influence of the grazing system on vegetation condition 
i ndicat es that 10 out of 15 studies reported that deferred rotation 
was superior in maintaining or improving vegetative condition. Four 
studies indicated that there was no difference in the vegetative 
condition and one study indicated that deferred rotation was more 
harmful than continuous grazing. 
Rotation. The majority of the rotation grazing papers reviewed 
stated that there was no difference between rotation grazing and 
continuous grazing in livestock and vegetation response (Table 15). 
Four of the eight papers reporting livestock response indicated 
there was no difference between the rotation and continuous grazing. 
Three stated that rotation grazing was inferior in producing livestock 
gains and only one stated that it was superior. The vegetation response 
t o the grazing systems revealed that four out of nine studies found 
no difference in vegetative condition between the two systems. 
Three studies reported that rotation grazing was superior in maintaining 
or improving the vegetation condition and two studies stated that 
continuous grazing was superior. 
Rest rotation. Rest rotation is perhaps the most radical 
grazing system discussed. It requires that a significant part of 
the grazing area be left ungrazed for an entire year. This loss of 
forage often requires the operator to reduce the number of animals 
when going into this type of a grazing system. Hopefully, the 
grazing system will improve the range condition sufficiently to 
increase the stocking rate and restore the numbers that were 
cut. 
Table 15 . Summary of papers comparing livestock and vegetative response f r om r o t ation 
gr az ing with continuous grazing . 
Researcher Ye01 r Locat t on 
Laycock 1962 Idaho 
fl aser 
et al. 1962 Wy0111lng 
Sooi<h 196 7 \o"yoc.iog 
et al . 
1965 \o'yo .. tng 
Bhck and 1942 South 








H.ixed gr ass 
p rairie 
Bls•.:el1 1951 So rth . S ~o~t tc h c<'~ne 
Ca rolina 
Dickson 1948 Texas 
e t al. 
fisher & 1951 Tuas 
fris ch- 1968 Utah 
knecht & 
Harrla 
Hi d & s ho rt 
grass p rairie 




Con tin uous 
Cl ass of Crn log 
Llveetock Se01aon 
Stocking .... Caina Ch.an&e i n 




Maintain ed unde r 




Response or cha ose 
dm• t o r. r.-u:in~ !'1\" !'l te:~~ 




No dlff. Ho~l n talned under 0 
1110d and heavy 
stoc king rates 
\·ego> tat ion 
r es ponse 
Steer s..-er J.S ac/ 50 lb/ac S2t U. on Id. H lb /ac 20 % U on Id . 




2.2 lb ADC Id. !neue 2 .1 lb ADC 
Cat tl e Su..e r 
Yea r li ng Year 
s te e r s long 
JDaintained beet 
Cover inc reased 
S% 
No diff. 
St ee rs No diff. No dif!. 
St ee n ,_, 26 l b/ac . 53% u. 
.91 lb ADC 
.9 lb ADC 
23.8 lb/ac 
+6.5% 
Hixed Sp ring 1.6 ac/ AUH St. 3.07 No ala dlf!. 
ca ttle lb ADC, 
Cal! 1. 1) 
lb ADC 
Cov~r inc r eased 
101, U. reduced -
frm 41 to 16Z 
+8 l b No diU. 
No dl!f . No diff. 
24 lb/I'IC 5)% U. 
.87 l b ADC 
. 87 l b ADC +2.7% 
2l.8 lb /ac 
St . 2.83 No s tg dt!! . 
lb AU(:, 
Calf 1. 7 
lb ADG 
Pos itive response 
No difference 







Total number of studies 9 10 
~ 
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The two papers reporting a vege t ation response indicated tha t 
the rest rotation grazing system increased the vege t ative cove r 
12-15 percent (Johnson, 19 65) and 12-36 percent (Ratlift et al., 
1972) over l evels pri or to the grazi ng sys tem (Table 16). Two 
papers r eported an increase in ca rrying capac ity due to the gr az ing 
system. Bay (1964) reported that individual yearling steer gains 
increased 15-20 pounds. Woolfolk (1960) reported that the rest 
rota ti on grazing system of Ha r vey Valley increased calf gains by 
5 to 8 pounds compa r ed t o neighboring continuous grazing during 
the 1959 drought. However, Ratlift ~ al . (1972) stated that there 
were no differences in longt erm gains of livestock on the grazing 
system a t Ha rvey Valley as compared t o continuous grazing. 
Short duration-high int ensi ty . The theory of short duration-
high intensity gr azing is to concentra te a large number of animals 
on a small a rea for a short time. This promotes uniform use and 
allows the more palatable forage species to compete e ffectively . 
Because of the heavy use from concentrat ed grazing, l ong rec uperation 
periods are necessary and avai l a ble soil moisture is essential to 
provide for regrowth . For these r easons, a large number of pastures 
is required , and a humid clima t e or dependab le soil moisture is 
necessary. 
Benefits (Powell, 1972; Turner, 1973): 
1. Uniform dist ribut ion of livestock. 
2. Even utili zat i on of all forage species. 
3. Palatable forage species can compete effectively and 








Summary of papers reporting the livestock and forage response to rest rotation grazing. 
Range Class of Grazing Forage Livestock Carrying 
Year Location Type Livestock Season Response Response Capacity 
1965 Wyo. Mountain Cattle Sununer Cover + 
12-15% 
1964 Mountain Cow-calf Summer Yea rling gains + 10% 
yearling + 15-20 lb. 
1972 Calif. Mountain Cow-calf SUIIIIller + 12-36% No diff. + 15% 
yearling 
1960 Calif. Mountain Cow-calf Summer Calf gain Maintained 
yearling + 5-8 lb. no. in drought 
"" .,. 
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4. Range condit ion improves. 
5. Less vegetation is trampled and wasted. 
6. Small pastures allow for i ndividual trea tment for different 
r an ge sites or vegetation types. 
7 . Long rest allows for cultura l treatments within the growing 
cyc le . 
8. Co ncentrated livestock allows for easier observation and 
better bull coverage. 
9 . Improved range condition increases carrying capacity and 
livestock pr oduc tion per acre. 
The major disadvantage is the lowered i ndividual livestock 
performance. The reduced selectivity and for ced consumption of less 
palatable species r educes the dry matter intake and the disturban ce 
and adjustment from frequent moving f urther reduces individual gains. 
If carrying capacity does increase, livestock production per acre 
will offset the reduced gains per animal . A study of a five-pasture 
short dur ation-high intensity gr azing system at the Virginia Forage 
Research Station showed the system increased forage production by 
72 pe r cent and gave 41 percent more live weight gains per acre as 
compared to cont inuous grazing. The gains per animal~ however, 
were 10 percent less (Anonymous, 1973) . Turner (1973) was able to 
increase the carrying capaci ty 25 percent while running sheep and 
cattle in common in Texas. 
Seasonal su itab ility. Seasonal suitabili ty consists of grazing 
the various range, vegetation types, s ub-types , and condition class 
areas compr i sing a ranch when grazing is most advantageous to both 
vegetation and livestock (Vallentine, 196 7) . Rotation grazing 
re qui res simila r topography and vegetation that can be used at all 
times of the season . This system exce l s where there is a great 
diversity of vegetation types a nd condition classes. It is especially 
appli cable i n the Southwest. 
Advantages: 
1. Improvement of poor cond ition range by using lightly at 
least harmful time of the year. 
2 . Concentrate grazing on leas t palatable species when they 
a re most vulnerable. 
3 . Use good condit ion r ange during rapid growth to get 
maximum lives t ock production. 
4 . Fully utili ze the spring flush o f annual forbs and grasses 
throughout the ranch. 
Rotating access to water. Martin and Ward (1969) reported a 
system of rotating access t o water t o shift the grazing pressure 
a round a large grazing unit. Martin (1972) reported that intensity 
of use decreases with distance from water. In large pas tures with 
limited water, the grazing pressure could be rotated, thereby 
deferring use on traditionally overused a reas. This would allow 
ove r gr azed areas to recouperate without the high cost of fencing . 
Complementary grazing system. The r a tionale of any of the 
specialized grazing systems is to provide a periodic rest at the 
period whe n a gr ass is most damaged by gr az ing. This is usually in 
the spring or summer when gr asses are gr owin g mos t rapidly. Hubba rd 
(1951) and Rogler (1951) both stat ed that the real value of r o t ation 
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grazing is the spring deferment it offers. Anderson (1940) recommended 
continuous spring deferment and planting cool season grasses for 
spring grazing. Lodge (1970) proposed that seeded spring pastures 
are complementary to a grazing system. He stated that the improved 
cool season grasses start growth earlier in the spring, yield 
large quantities of palatable forage, and are fairly resistent to 
grazing. Table 10 indicated that carrying capacity of seeded 
pastures were 2-3 times greater than native range. A large number 
of livestock could be concentrated on a relatively small area for 
the spring while the native vegetation was deferred until seed set. 
Rogler (1962) and Lodge (1963) reported gains per acre were double 
on the complementary spring pasture-summer native range system 
compared to season-long grazing on native range. Gains per steer 
were also higher. This type of a complementary system extends the 
grazing season by turning out earlier in the spring. It also 
reduces the amount of hay fed in the spring. If livestock are 
taken off while there is still adequate soil moisture, substantial 
regrowth can be expected and the grazing season can be extended 
longer into the fall. 
Response of livestock and vegetation to 
grazing systems 
Table 17 is a tabulation of the number of grazing systems 
that were superior, inferior, or no different than continuous grazing. 
Thirty-four papers were reviewed on various types of grazing systems. 
Livestock response. Continuous grazing generally benefited 
livestock gains. Fifteen of 27 studies indicated that continuous was 
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just as good or better than the grazing system in producing acceptable 
gains . Shiflet and Heady (1971) state that those systems that 
minimized livestock movement showed the best livestock response. 
When animals are moved to a new pasture, they spend a considerable 
amount of time walking the fences and getting accustomed to the 
area, thus much grazing time is lost (Mcilvain and Savage, 1951). 
Table 17. Summary of livestock and vegetation response to grazing 
systems. 
Superior No different Inferior Total 
Livestock res2onse 
Deferred rotation 9 1 15 
Rotation l 4 9 
Rest rotati on 2 l 3 
Total u 6 27 
Vegetation res2onse 
Deferred rotation 12 4 l 17 
Rotation 4 4 2 10 
Rest rotation 
Total 18" -8- 29 
Another reason for reduced livestock performance is the elimination 
of selectivity (choosing plants and parts of plants that are most 
palatable and oftentimes most nutritious). One of the objectives of 
a grazing system is to concentrate the livestock to get an even 
utilization of all the forage, thus reducing selectivi t y. Heady (1961) 
states there is a positive correlation between selectivity and 
quantity and quality of intake. Once the palatable plants and parts 
of plants are gone, the animals are forced to consume the less 
palatable forage species which decreases dry matter intake. 
Johnstone-Wallace and Kennedy (1944) have also shown a positive 
correlation between the amount and quality of available forage and 
animal performance. They state that there exists a critical level 
of forage in any pasture. Above this critical level, livestock 
performance is not limited. However, when grazing removes forage 
to below this level, livestock gains decline. The concentration 
of animals in a grazing system usually results in heavy utilization 
of a unit . Thus available forage is reduced below the critical 
level and becomes a limiting factor in producing animal gains . 
Where the grazing system is able to improve the vegetation 
condition and species composition, the amount of available forage 
increases as does the more palatable species. Thus individual 
animal gains will increase as the range condition increases. 
Furthermore, the carrying capacity increases and the increased 
number of animals allows for an increased livestock production per 
acre. 
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Vegetation response. Of the 29 studies reporting vegetative 
response to the grazing system, 18 indicated that the grazing system 
maintained or improved the vegetation condi tion better than continuous 
grazing. Eleven studies indicated that the grazing system offered 
no advantage or was inferior. Those studies indicating that the 
system was inferior stated that the system concentrated the animals 
on a fraction of the area and the damage incurred was not repaired 
sufficiently during the rest periods (Hyder and Sawyer, 1951; 
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Smith et al., 1967; Fisher and Marion, 1951; Mcilwain and Savage, 
1951). This problem could be alleviated by reducing the stocking 
rate to the number of animals that the unit could carry without 
damage to the vegetation. A larger percentage of the deferred 
rotation and rest rotation syste ms reported superior vegetation 
response than the rotation systems. This may be due to the benefits 
of the planned deferment . Hubbard (1951) and Rogier (1951) both 
stated that the real value of a grazing system was the deferment 
during the growth period. The rotation system did not always provide 
this. 
The initial condition of the range determines the magnitude of 
improvement that is possible. The studies that reported the greates t 
increase in vegetative condition were on ranges in relatively poor 
condition (Hickey and Garcia, 1964; Poulsen and Ares, 1962; Leith-
hearl, 1960; Dillon, 1958; Dillon and Wallermeyer, 1966). Several 
authors agreed that the beneficial effects of a deferred or rotation 
grazi ng appear to be most evident in restoring over-grazed range 
rather than maintaining range in good condition (Sampson, 1951; 
Hubb ard, 1951; Rogier, 1951). 
Magnitude of response. It is interesting that the "evaluation 
reports" comparing the livestock production and vegetative condition 
before to the results after the grazing system was implemented 
showed tremendous increases (100-400 percent) from both livestock 
and vegetation (Leithead, 1960; Dillon, 1958; Dillon and Wallenmeyer, 
1966; Hicket and Garcia, 1964). On the other hand, those "direct 
comparison" studies that lis ted magnitude showed only moderate 
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increases (ll-63 percent) (Merrill, 1964; Craddock and Forsling, 
1938; Poulsen and Ares, 1962; Reynolds, 1959; Hyder and Sawyer, 1951). 
The evaluation s tud ies are mostly ranges in poor condition to begin 
with and had a great potential for improvement. The range sites 
in the comparison studies were generally in good condition and little 
change was evident. 
Other range improvements associated 
with grazing systems 
When a grazing system is implemented, many other improvements 
may be required to make it work (i.e., reduction in stocking rate, 
fencing, water developments, trails, and improved salting practices) . 
Furthermore, the rest and deferment periods are conducive to brush 
control and seeding within the grazing cycle. A number of the 
papers reviewed reported extensive developments associated with 
the grazing system (Turner, 1973; Powell, 1972; Ratliff et al., 
1972; Bay, 1964; Merrill, 1954; Leithead, 1960; Dillon, 1958; 
Dillon and Wallenmeyer, 1966). Many authors, especially those of 
reviews, questioned attributing the improvement in range condition 
and livestock production to a grazing system alone when other 
improvements were included (Heady, 1961; Sampgon, 1951 ; Herbel, 1971; 
Mcilvain and Savage, 1951; Shiflet a nd Heady, 1971; Hubbard, 1951; 
Biswell, 1911). The improved management, which is responsible for 
the grazing system as well as the other improvements, may be the 
source of the improvement in range a nd livestock production rather 
than the grazing system by itself. 
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Economics of grazing systems 
Sampson (1951) stated that the benefits of any grazi ng sys t em 
s hould be justified against the cos t of implementing the system. Most 
of the r eport s say nothing about the costs. They may not have been 
considered in the study or were not r e ported because the grazing 
system was not economical. Hubbard (1951) concluded that it is unlike l y 
that the benefits on vegetation would be sufficient to offse t the 
increased costs o f extra fencing and water developments in the sho rt 
grass prairie of western Canada. Bi swell (1951) stated that if r otation 
g razing necessitates extra l abor, fencing , or water developments, 
continuous graz ing is more practical on swithcane pastures of the 
southeastern United States. Turner (1973) was not sure that the 
r e turns from a short duration grazing system were going to pay for 
its costs. Ratliff ~ al. (1972) mentioned other economic considerations 
in consid e ring a r est rotation graz ing sys tem at Harvey Valley: 
1. It is no t necessary to cut numb e rs whem implementing 
cu ltural treatments within the res t cycle. 
2. There was an increase in permitted numbers. 
3. There was emergency feed available in rested pastures that 
could be used in drought yea r s . 
Three pap ers did quant ify the returns received from the grazing 
system. Leithead (1960) reported that net returns increased from 
$.04/acre prior to implement ation of a defe rred rotation system to 
$.83/acre af t er 7 yea rs on the system. Ragsdale~ al. (no date) 
r eported a 33 percent increase in net income f r om a Merrill four-
past ure deferred rotation system. This was an increase of $11 . 75/ac re. 
A South African two-pasture switchback system also increased net 
income by 33 percent. Nazir (1972) completed a comprehensive 
survey of 24 BLM allotments in Utah, Idaho, and Nevada whi ch had a 
grazing system. The grazing systems i ncr eased rancher profits by 
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an average of 11.4 percent. The internal rate of return varied from 
-1 percent to 18 percent with an average of 2.37 percent. This 
average is extremely low, indicating that most of th e grazing systems 
are not economical when justified only on monetary returns from 
increased AUMs leased. However, such unquantifiable social benefits 
as improved watershed, wildlife habitat, aesthetic and recreation 
values may be able to justify the grazing system. 
Conclusions from other reviews 
Hi ckey (1966), in a review of 101 pape rs on grazing studies and 
sys tems from 1891-1966, concluded that the two-pasture rotation 
offers no benefits from livestock gains or range improvement. Other 
rotation systems offered some advantage to increased vegetative 
condition but decreased livestock yields. Deferred rotation 
benefited livestock gains, pasture improvement in both vegetation and 
soils, and increased net returns. Rest rotation appeared to give 
the greatest increase in vegetative condition and livestock 
production in the long run. Howeve r, he stated that no grazing 
management system is entirely satisfactory on over-grazed ran ge. 
The stocking rate must first be adjusted and management applied 
for ran ge rest. 
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Lodge (1970) concluded that deferred rotation grazing systems 
had little or no advantage on vegetation and continuous grazing gave 
maximum livestock gains on good condition range in the northern 
Great Plains. 
Shiflet and Heady (1971) found results from grazing systems 
ranging from highly unfavorable to highly successful. They 
concluded that the successful systems must allow little damage 
when plants are susceptible to grazing and foster as much improvement 
as possible in ungrazed pastures. Flexibility and simplicity are the 
keys to any grazing system. 
Herbel (1971) stated that grazing schemes had only limited 
success in yielding greater livestock and forage production than 
continuous grazing on seasonal ranges. He listed several reasons 
why the grazing systems were less successful . 
1. The advantage of spring deferment is seldom balanced against 
the detrimental effects of concentrating livestock on one unit 
during the cri tical period of plant growth. 
2. In areas with a short growing season, a relatively small 
number of desirable plants are actually grazed during rapid growth 
under continuous grazing at moderate intensities and when livestock 
are well dispersed. 
3. Most systems have a fixed stocking rate. The forage crop 
fluctuates thus causing over- and under-utilization. 
Deferment of bunchgrass range every 3 years is highly beneficial 
to the vegetation. On mountain lands with short growing seasons, 
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rot al f on grazing is csst-ntial and on sodgrass range, modera te season 
long grazi ng gives bette r livestock pe rformance without apparent 
injury to the vegetation (Sampson, 1951). 
He ady (1961) concluded that grazing systems have no advantage 
ove r continuous grazing on good condition range with comparable 
s toc king rates, and similar levels of management. 
Ove rriding considera tions 
A gr azing system is not a panacea tha t will solve all the 
problems that exist on the r a nge. It is only one of several tools 
available to the range manage r. If used prope rly, it can create 
the conditions tha t allow for improvement of the vegetation. 
Herbe l (1971) stated that weathe r conditions influence range 
condition more tha n the grazing treatment applied to the range. 
Grazing can either aggrevate or enhance these natural fluctuations . 
Heavy grazing at the critical periods in a drought will hasten the 
natural mortality of vegetation. Proper grazing treatments can 
reduce the seve rity of a drought and allow for rapid recovery 
following. In we t years, conditions will naturally improve with 
reasonable grazing management. 
Blaisdell and Pechanec (19 49) stated tha t grazing injury may 
be as much due t o lack of soil mois ture and opportunities for regrowth 
as t o physiological factors. This is evident in irrigated pasture 
grasses and legumes. Regrowth will occ ur following several c lippings 
or grazing treatments within a season and the plants remain in a 
healthy and vigorous condition. The key to seasonal grazing on 
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rangeland would be to get off a unit while there was still sufficient 
soi l moisture for regrowth. 
When a grazing system is implemented, it i s usually to correct 
a problem. The manager or operator realizes the need to improve 
the condition of the range . The level of management usually rises 
and other developments and range improvements accompany the grazing 
system. Therefore, the improvement in range condition and livestock 
management is just as much the result of a higher level of management 
and the other improvements as it is the grazing system (Heady, 1961). 
For this reason, many grazing systems that are imposed on an allotment 
by an administering agency fail to achieve the desired results. 
The rancher using the alotment may not understand or appreciate the 
objectives of the system and as a result, the level of management 
does not change. 
Developing a grazing system 
The major items to be considered in developing a grazing system 
are: 
1. A basic understanding of the forage resource is essential. 
The key species must be identified and their critical growth and 
reproductive periods determined (Anderson, 1967a). 
2. The grazing, deferment, and rest periods must be tied to 
the phenology of the key species to give maximum benefit to the 
desirable plants (Steger, 1970). 
3. Grazing units should be fenced a long the different vegetation 
a nd soil types. Management should be based on the plant-soil 
requirements of each pasture. 
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4. r.razing units o f similar carrying capac ity should be created 
(New Mexico Interagency Range Committee, 1970). Additional forage 
can be c reated to balance the carrying capacity through brush control 
and reseeding (Anderson, 1967b). 
5. Proper use on those units grazed is essential. Shiflet 
and Heady (1971) stated that rest doesn't compensate for over-use 
or heavy use during the critical periods. Ragsdale et al. (no 
date) recommended 50 percent utilization as a maximum. 
6. In order to maintain proper use, the base herd size should 
be smaller than the average estimated carrying capacity of the 
range. There are usually more years of below average precipitation 
than above average years (Ragsdale et al., no date). 
7. FLEXIBILITY is the key to any grazing system (Herbel, 1971; 
Steger, 1970; Ragsdale~ al., no date). Since the forage crop 
is variable and dependent on the amount and time of precipitation, 
all aspects of the grazing system must be flexible. 
a. Livestock numbers must be reduced in a drought, and can 
be expanded or the time extended in above normal years of 
precipitation. 
b. The deferment periods must be adjustable, since the 
growth stages of the vegetation vary with the weather. 
c. Moving times must be flexible to accommodate proper use 
and growth sta ges of vegetation. 
d. The system itself must be changed when problems are 
observed. 
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8. Gates should be strategically located to enable livestock 
to drift into new units. The stress of moving will be reduced and 
the adjustment period shortened (Anderson, 1967b). 
9. Proper distribution is a very important component in 
making a grazing system work. Skolvin (1965) lists several items 
to improve distribution. 
a. Strategically located fences and use of natural barriers 
separates vegetation types and facilitates movement and 
handling. 
b. Develop water on ungrazed and lightly grazed areas to 
equalize grazing pressure. 
c . Salt in lightly grazed areas or locations that will encourage 
greater use. 
d. Ride and move cattle from heavily grazed areas to light or 
ungrazed areas. 
10. Develop the entire range . Implement brush and weed control 
and reseed to desirable grasses on responsive sites when these 
treatments are economically justifiable. 
11. It is important that the grazing system be simple and blend 
into the ranch operation (Steger, 1970; Herbel, 1971). 
Grazing systems do have their place in range management and 
can be powerful tools in improving the range condition when they 
are flexible and geared to the phenology of the key forage species. 
Little improvement can be gained from a grazing system on good 
condition range. However, a grazing system may be necessary to 
maintain a desired species composition. Individual livestock gains 
are usually less under a g razing system compared t o cont inuous 
gr azi ng . If improvement is sufficient, the carrying capacity of 
the ran ge will increase and lives tock production per ac re will 
comp ensate for loss of individual gains. 
Brush Control 
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Control of undesirable shrubs is perhaps the most common method 
of i ncreasing forage production . Big sagebrush and pinyon-juniper 
occupy much of the foo thil l rangeland upon which most ranchers 
depend for spring-fall and, t o a limited extent, summer grazing . 
The foo thill vege t ation zone offers the gr eatest potential for fo r age 
production. The gr owing season i s fair l y long, the temperatures 
are no t extreme, and there is usually adequa te precipitation. 
Overgrazing and fi re suppression within thes e two shrub 
typ es have reduced the compe tit ion from perennial grasses and forbs 
a nd allowed the shrubs to increase in densi t y and extent until they 
now totally dominate much of the foothill zone (Pechanec et a l ., 
1954; Aro, 1970; Johnson, 1962). Because of the shrub domina tion, 
forage production is greatly below it s p ot ential and can be increased 
many time s by cont r ol of these shrubs. Where desirable understory 
grasses a nd forbs a r e inadequate, reseeding to desirable cool season 
grasses and legumes may be necessary t o insure a rap id recovery of 
the site . 
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Sagebr ush control 
Nielsen and Hinckley (1975) reviewed a great deal of literature 
on control of sagebrush. Table 18 is a summary of forage production 
before and after dif fe rent methods of control. 
Table lB. Forage production and returns following big sagebrush 
control (Nielsen and Hinckley, 1975). 
Method 
Con trolled burning 
Sp ray with herbi cide 
Chaining 




















20 . 00 
11.83 
7.50 
Dwyer (1975) in a state-of-the-art paper on pinyon-juniper 
control, reviewed several papers and concluded that forage production 
could be increased from 100-350 percent by manipulating the pigmy 
woodland. Aro (1971) presented several methods that have been 
e ffective in controlling pinyon-juniper. Most treatment s require 
s eeding to obtain an increase in forage. 
l. Burning - most effective and least expensive. 
2. Dozing into windrows and seeding cleared areas. 
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3. Chaining - most widely used method . 
a . single chaining gave 30 percent kill. 
b. double chaining gave 60 percent kill. 
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METHODS OF PROCEDURE 
Description of Ranch and Operation 
Overview 
A ranch in Rich County, northern Utah, was used as a case study 
to e valuate the increased beef production attained from improved 
range and livestock management. The ranch is a family- s ized commercial 
Hereford operation. But unlike many ranches in Utah, the ranching 
operation was the only source of income. In 1970, when accurate 
records started being kept, the ranch maintained 336 mother cows. 
In 1976 483 mother cows were on the ranch. The homes tead consists 
of 1,600 acres of meadow hay and seeded pastures. One crop of 
native and improved varieties of grass hay is harvested in the summer 
and fed during the 4 months of l a te winter and early spring. 
The breeding herd is grazed on crested wheatgrass pastures where 
breeding begins about the 15th of May. The cows and calves are 
trailed 20 miles to the summer mountain range on June 1. The summer 
range consists of 7,120 acres of mountain loam and high mountain 
loam (aspen) range sites. Elevation on summer range varies from 
6,000 feet to 9,120 feet and precipitation is from 16 to 40 inches 
(see Range Site Information, Appendix A). Although most of the 
mountain range is deeded land, it is similar to much of the public 
as well as private mountain grazing land through the Intermountain 
a rea. 
The cattle are taken off the summer range around October 15 
and are trailed back to the home ranch and grazed on semi-wet meadows 
and meadow hay aftermath until mid-December. The ca lves are weaned 
in late October. Depending on the market, the steers and part of 
the heifers are then sold or fed until early spring. Replacement 
heifers and some of the replacement bulls are kept from the top 
performance tested dams. The operator of this ranch is very 
progressive and had maintained a relatively efficient operation 
before the grazing system was implemented in 1970. The 1970 calf 
crop was 86 percent and the average weaning weight was 351 pounds. 
Pregnancy t es ting was a regular practice. All of the yearling 
heifers and cows were tested and those found open were culled . 
Calving barns and facilities we re available to give special treatment 
to first cal f heifers and older cows requiring assistance at calving. 
The barns also provide shelter from the early spring storms and 
were responsible for saving many calves. A regular health program 
was maintained. All calves were vaccinated for blackleg and malignant 
edema at branding time and replacement heifers were vaccinated for 
brucellosis in the fall. All females were vaccinated for lepto-
spirosis and vibriosis annually. 
Problems 
Summer range was the bottleneck of the operation. For many 
years, the condition of the range had been declining. The Soil 
Conservation Service conducted a range survey in 1970 and found 
the Mountain Loam range site in poor condition. However, the High 
Mount ain Loam (Aspen) site was in high good condition 
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(Appendix A). The cattle had concentrated in the bottom land areas 
around the streams and springs and on the benches and heavily over-
grazed these areas. In 1962 the broad canyon bottoms were aerial 
sprayed to kill thick concentrations of sagebrush. A majority of 
the big sagebrush overstory was killed, thus permitting the desirable 
grasses and forbs to increase . However, there was no control of 
grazing following treatment. The heavy grazing on the grasses 
gave the sagebrush seedlings that survived a competative advantage 
and they rapidly regained dominance of the site. The hillsides 
received very little use and thus remained in good condition. 
The problem was improper distribution. The steep and broken terrain 
inhibited uniform distribution and concentrated the majority of 
the herd on a relatively small part of the range. This condition 
prohibited the expansion of the operation and kept the weaning 
weights relatively low even though the fertility was high. 
Improvements on summer range (Appendix A) 
Grazing system. A four-pasture rest rotation grazing system 
was implemented in 1970. Two miles of cross fences were constructed 
and existing fences and natural barriers used to divide the 7,120 
acres into four units. To facilitate movement of cattle from one 
unit to another, and improve the size ratio of the pastures, the 
system was modified to a three-pasture rest rotation grazing system 
in 1974 . One pasture was used first until seed set . Then the gates 
were opened and cattle drifted into the second pasture after seed 
set. The third pasture was completely rested. Since all three 
pastures joined, movement of cattle was held to a minimum. 
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SLoc~ _ _t: rails. The majo r proble m on this grazing allotment was 
improper graz ing distribution. Thirty miles of stock trails were 
cons tructed or improved since 1970 t o provide access t o all parts 
of the allotmen t. Trails l eading t o ridge tops and trave r sing 
even the s teep slopes have allowed th e cows to use all of the 
summer range . 
Water developments. Water developments have also helped 
improve t he distribution by providing dependable water in all 
areas of the units. Fifteen springs have been develop ed and 
23 troughs have been installed. Twenty earthen ponds have been 
cons t ructed to coll ect runoff and three pipelines totaling 3 .5 
miles were laid to provide wate r in previously dry areas . Half of 
the tr oughs and ponds have been put i n and one of the pipe lines 
(1 mile) ins tall ed since 1970 when the gr azing sys tem was 
implemented. 
Brush control. Many of the productive a r eas in the canyon 
bottoms and around water had dense concentrations of sagebrush 
that r es tric t e d forage produ c tion. Nine hundred acres of big 
sagebrush were sprayed with 2 4-D (butyl este r) to kill the sage-
brush i n 1974 and 197 5. Another 200 ac r es are planned for spraying 
within th e r es t cyc l e of the grazing system. The herbic ide trea tment 
ef fective ly killed a large part of the big sageb rush in the valley 
bottoms. The released soil moi s ture and nutrients, proper gra z ing 
management and a complete r est every third year has e nabled the 
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native grasses to flll in and regain dominance in the productive 
bottoms. In 1968, 50 acres of the best bottomland were plowed and 
seeded to c rested wheatgrass. 
Improved management practices 
Maintaining crested wheatgrass pastures. The 726 acres of 
crested wheatgrass is fenced into four pastures and two are rested 
each year. This allows th e plants to r eplenis h their carbohydrate 
reserves and increase in vigor. The breeding herd grazes one pasture 
for 2 weeks prior to going on the summer range. Another pasture is 
used as a breeding pasture for the yearling replacement heifers 
fo r 2.5 months in the late spring and early summer. Additional river 
bottom pasture was leased to provide flexibility in the late spring 
and early summer . 
Increased production from meadow hay. Native meadow hay land 
will produce about 1 ton of hay per acre. Hay yields were increased 
to 1.5 tons per acre by interseeding improved varieties of grass 
or planting alfalfa-grass mixtures. Alfalfa will not survive more 
than a few years because of the cold dry winters. Nitrogen 
fertiliz er (300 lbs. ammonia nitrate per a c re) f urther increased 
yields of improved grasses and alfalfa mixtures to 2 tons per acre 
(Table 19). 
All hay is irrigated and then harvested prior to seed set in 
o rder to pre serve the high nutrient content. Protein content 
ranges from 6.2-8 percent. The meadows are irrigated after harvest 
to stimulatP regrowth which provides aft e rma t h grazing for fall . 
Table 19. Hayland produc tion. 
Native Improved 
meadow grasses 





Yield 1 ton 2 tons 1,287 tons 
a Fertilized acres . 
Replacement heifer deve lopment. Replacement heifers weigh 
aro und 400 pounds wh en weaned in October. They are fed 2 pounds 
of barley, 0.06 pound urea, mineral supplement a nd 10-12 pounds 
of good quality hay daily throughout the winter and spring. This 
maintains a gain of over 1 pound per day and allows them to weight 
600 pounds going into the breeding season. 
Winter supp lement ation of young cows. Two and 3-year-old 
cows , and also old cows, need a higher quality diet than mature 
cows in order to maintain a high level of production. Young cows 
that have nursed a calf all summer probably need to improve their 
con dition and put on some g rowth before calving in the s pring. 
Also old cows with poor teeth have a hard time consuming a high 
roughage diet. These two groups of cows, which make up about 
30 percent of the herd, a r e separat ed from the herd and fed a 
s upplement of 2 pounds of barley, 0.1 pound of urea and a mineral 
supplement every other day. Plus they a r e fed grass hay ad libitum. 
This feeding begins about December 1 and continues until they are 
put out C)n pnstur e in the s p ring (about May 15) . The regular herd 
is fed good qualJty grass hay ad libitum until they ca lve. 
Supple mentation of all cows after calving. Lactation s ub-
stantially increases the nutrient requirement of a cow. TON 
requirement increases 19 percent and protein increases 79 percent 
(NRC, 1976). All cows, after they calve, are fed a s uppleme nt 
of 2 pounds barley, 0.1 pound urea every othe r day. They s t i ll 
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a re fed all the meadow hay they can eat and a phosphorus and mineral 
supplement each day. 
Early calving . Table 2 pointed out t he advantages of ea rly 
calves. Ca lves weighing between 170 and 200 pounds when they 
go onto the c r es t ed wheatgrass pastures on May 15 are large enough 
to take advantage of t he full milk producing capacity of the cow. 
The c rested wheatgrass stimulates milk production and the ca lf 
can utilize all that the cow will produce. The calf is also 
mature e nough t hat it can use a significant amount of the lush 
and palatable new grass and inc r ease i t s gains further. In 1975, 
the breeding season was moved up to May 10 from June 1 in order 
t o begi n calving in February of 1976. Bulls remain with the 
cows un til the roundup in October. 
Evaluation of Increased Livestock Production 
Complete records are essential in evaluating the produc tivity 
of a ny operation. Relatively complete records dating back to 
1970 were available for this ranch. Records had been kept prior 
to this ti.me but only those beginning in 1970 contained enough 
similar information for comparison between years. Each cow was 
individually identified by a metal hot iron brand and a plastic ear 
tag noting her number and the year born. A permanent record was 
kept on each cow in order to evaluate her lifetime performance. 
This record included each calf that she bore, its sex, birth date, 
and weaning weight. 
Detailed calving records were kept each year. As each calf 
was born, it received an ear tag and number corresponding to its 
mother's number. The date of birth was recorded as well as its 
sex. A standard birth weight of 70 pounds was assumed for each 
calf . The calving records also contained comments such as calving 
difficulty, assistance required, abnormal presentation, calf died 
as result of difficult birth, weak calf, or calf died shortly 
thereafter. This identifies cows that are persistantly difficult 
calvers and also provides a good record of neonatal losses . 
The calving records were not complete. Many of t he late calves 
born after May 15 when the cows were turned out on pasture were 
not marked or identified. However, an effort was made to indicate 
on the calving record if a cow did calve, thus making the number 
of cows calving as complete as possible. 
Weaning usually occurred during the last week in October. The 
weaning date of November 1 was used for all years in computing 
average daily gains. At this time most of the calves were weaned, 
individually weighed, and the we ights recorded. 
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Number of lives t ock 
Th e number o f cows in the breeding herd each year was taken 
from the calvin g reco rd. This in cluded all cows coming 2 years old 
a nd older on January l. Th e number of replacement heifers kept in 
1974-76 was taken from the ope rator' s r eco rds and the number kept 
f rom 1969-7 3 was the operator's estima t e . Th e replacement rate 
was calcula t e d by dividing the numb er of heifers kept by the numbe r 
of cows in the breeding herd that year . 
The ope rator has kept the bull t o cow ratio near 1/20. The 
numbe r of bulls was estimated each yea r by taking 5 percent of 
th e t otal numbe r of cows and replacement he ife rs. 
Calving pe r cent 
The numb e r of cows calvin g each year was taken from the 
calving record. This number was divided by the total number of 
cows i n the breeding herd on January l to r each th e percent of 
cows ca l ving. Those cows found open in the fall were removed fr om 
the breeding herd, fattened and then sold. The conception rate 
could not be de termine d because the numbe r of open cows were never 
r eco rded a nd th e total numbe r of cows culled included old cows 
with bad t eeth and cancer eyes . 
Calf crop 
The calf crop is the number of calves weaned e xpress e d as a 
percent o( cows in th e breeding he rd on Janua r y l, which were 
gi ve n th e oppo rtunity to breed. Th ere did no t exist in the r ecords 
of the operato r a to tal number of calves weaned except for 1970 
and 1973. Therefore the calf c rop for the remainder of the years 
was ca l c ul ated with information from a variety of sources. The 
total number of cows that calved each year was a fairly accurate 
record. So was the number of calves that died before going on 
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to the summer range. The number of calves that died between entry 
onto the summer range and weaning time was not known. However, 
the operator estima ted this loss to be about percent. The calf 
crop was calculated by subtracting the death loss prior to turnout 
a nd th e estimated death loss on the range from the number of cows 
calving. The neonatal deaths in Table 22 were used as the number 
of calves lost prior to turnout and the estimated postnatal deaths 
as the numb er lost on summer range. It is realized that this is 
not a good es timate of calf crop but it is the best es timate available 
from th e existing data . 
¥eaning weights 
Weaning weights were not available for a ll of the ca lves each 
year. Some of the small late calves were not weaned until winter 
and were never weighed . Seldom were more than 10 percent of the 
calves in this category. The average weaning weights therefore, 
do not include those late calves. The comparison of weaning weights 
hetwee n th e years is made in spite of this discrepancy. 
Calving periods 
A record of the birth dates of calves born before May 15, 
for 1973-1976, enabled a determination of the number and percent 
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of cows calving within specifi c periods of the calvi ng season. 
This also e nabled the comp a rison of weaning weights and average 
daily gains of calves born within each period . The 20-day calving 
periods we r e: (1) February 22-March 14, (2) March 15-April 4, 
(J) April 5-April 25 , (4) April 26-May 14, (5) after May 15. 
The number of ca lves born in each pe riod was de termine d for each 
year and the percentage calculated. The weaning weight of all the 
calves in the pe riod were summed and divided by the number of calves 
in th e period t o dete rmine the average weanin g weight for that pe riod 
eac h year . A trend of weaning weights as the calving season 
progressed was determined by a weighted average weight for each 
pe riod. This ca lculat ion can be explained algeb raica lly by the 
following fo rmula: 
WAWW TN 
where: WAWW = we i ghted average weaning weight, 
W ave rage weaning weight for the period each year , 
N number of calves born in the period each year, 
TN t otal number of calves born in the per,i od for 
years. a nd 
y years included in the a ve rage. 
The ave r age daily gain f or each period was derived from the weaning 
weight and number of days t o weaning: 
ADG 
p 




average daily gain of the period, 
ave r age weaning weight of the period, 
s t a ndard birth weigh t, a nd 
D number of days from the middle day of the 
period until weaning on November 1. 
The average daily gains for the entire group of calves each year 
was ca l c ulated by the following fo rmula: 
ADG 
wh ere: ADG ave rage daily gain for the year, 
ADG average daily p gain for the period, 
c percent of ca lves born in t he period, and 
y 5 pe riods . 
Approximate average age a t weaning 
The average age at weaning along with the per cent of calves 
bo rn in eac h period can be useful to determine if the operator 
has been successful in increasin g the number of cows calving 
in the early calving periods. The average age at weaning was 




Age L c1 x Di i=l 
wh e re: Age ave rage age a t weaning, 
C percent calves born in each period, 
D numbe r of days from the middle day of period 
t o weaning on November 1, and 
5 periods. 
Si nce the re was no middle day in period 5 , a s tandard figure of 10 
days from the end of period 4 was used as middle day for period 5. 
l~ is over-estimates the average age of ca lves born after May 15 
but because of the small percent of late calves for which r eco rds 
are availab l e , the e rror is s mall . 
To t a l pounds of calf weaned 
The total pound s of calf weaned each year was ca lculated as 
if al l calves wer e weaned on Novembe r 1. Since not all of the calves 
were weighed each year, an estimation of the weight of the late 
calves was made. The average wea ning weight of period 5 was used 
as the weanin g weight o f all the ca lves no t weighed. This es timate 
was added t o the actual weaning weights to derive the total pounds 
of calf weaned for 1974-1976. Por years 1970-1973, only the ave rage 
weaning weight was avai l ab l e a nd was used to cal cula t e the total 
pounds of ca lf weaned. 
Ec onomi~ ana l_ysi s 
The operating costs for 1970 th r ough 1976 were obtained and 
compared t o t he gross ret urns from catt l e sales. The gross returns 
were calculated by assuming all calves , except replacement heifers, 
were sold at weaning for the s t a t ewide ave rage October prices 
(Utah Ag . Statistics, 1976). The cull cows and bulls sold for 
95 
the average yearly price at 1,000 pounds and 1,500 pounds respe c tively. 
The operating costs plus depreciation were subtracted from the 
gross returns to obtain net ret urns t o land, labor, and management. 
Cos t per pound of ca lf so ld, and cost per cow were calculated 
by dividing the ope rating cos ts by the number of calves sold and 
the number of brood cows in the he rd . 
Since the grazing system and improvements on the summer range 
e nabled the expansion of the operation, the cost of implementing 
the grazing sys tem and the associate d improvements were c ompared 
to the increase in net returns. The net present value and inte rnal 
rate of return were calculated to dete rmine the profitability of 
the grazing sys t em. 
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RESULTS AND DISCUSSION 
Increased Lives tock Production 
Total ca ttle numbers 
Total cattle numbers on the ran c h increased 43 percent between 
1970 a nd 1976 (Table 20). Cow numbers increased from 336 in 1970 
to 483 in 1976 . The bull to cow ratio remained consta nt at 1:20, 
as did the percent of replacement heifers--19 percent of the cow 
herd. 
Reasons for increase. The bottleneck of the operation prior to 
1970 was the limited ca rrying capacity of the summer range which 
was caused by poor distribution. In 1970 a four pasture r est 
ro t ation gr azing system was implemented t o improve the condition of 
the summer range and improve the cat t le distribution. The concen-
tration of all the livestock in the grazed units forced the animals 
ou t of the canyon bottoms and on t o the ridges and hillsides in order 
to find forage. The trails provided access to all areas of the 
units while the addit ional wate r deve lopments and good salting 
practices kept t he cattle scat t e r e d. The improved dis tribution 
made available a conside r able amount of fo r age that had gone unused 
in prior years. In 1974 the gr azing system was modified to a 
three pasture rest rotation grazing system t o facili t a t e handling 
and moving cattle. 
Table 20. Cattle numbers . 
Class 1970 1971 1972 
Cows 336 371 384 
Replacement 
heife r s 65 65 65 
Bulls 20 22 22 
-- --
TOTAL 421 458 471 














Since 1974, 900 acres of big sagebrush in the canyon bottoms 
have been sp ra yed . By 1975 there had been sufficient improvement 
in forage production that the numbers of ca ttle were increased 
100 h ead to the high point of 609. TI1ere have been two complete 
rest and deferment cycles of the grazing system. As a result, 
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the range condition has improved and togethe r with the improved 
distribution has a llowed the 45 percent increase in cattle numbers. 
The stocking r ate on the summer range increased from 4. 7 acres/AUM 
in 1970 to 2 acres/AUM on the grazed units in 1976. 
Calving percent 
While th e total numbe r s have increased, fertility of the 
breeding herd has remained high. In fact, the regression line in 
Figure 3 indicates that the calving percentage has been increasing. 
A sta tistical analysis of th e slope of the r egress ion line by a 
t-test revealed that there is a significant increase in calving 
percent at the 10 percent l evel. The ca]ving percent was 
91 p e r cent in 1970 and rose to 98 percent in 1976. There was 
conside rable fluctuation during the years ranging from 89 percent 
t o 99 percent, but the mean was 95 percent . 
Accura t e pregnancy evaluation was r esponsible for detecting 
most of the open cows in the fall. The open cows as well as the 
old cows with bad teeth and feet, the cancer eye cows, and the 
unhealthy cows were removed from the breeding herd, fattened up, 
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Ftg. 3. Percent of cows that ca lved , and percent of ca lves wea ned. 
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Reason for high fertility. The litera ture review on reproduction 
efficiency reported that the critical nutrition periods of a breeding 
bee f cow were the last trimester o f gestation and the period between 
calving and breeding. It als o po inte d out that young cows should 
be gi ven special consideration to insure that a ll of their nutrient 
demand s are met. 
The ration fed on alternate days to this group consisted of 
po und s of barley , 0.1 pound urea, and a phosphorus and trace 
mine ral s upplement. They were fed e a ch day all of the meadow hay 
t hey would eat. Throughouc the wint er, a ll cows have access 
to t he hay f i e lds and rive r bo ttoms wh ich pr ovide addit i onal 
dry forage . 
The mature cows do not receive the precalving supplement 
but a r e given all of the meadow hay they will eat each day plus 
free access to a phosphorus and salt supplement. They also have 
acces s t o the standing mature forage in the fields and river 
bot t oms. The protein content of the hay is 8 percent which is 
a dequat e to supply their needs (Figure 13, Appendix B). 
The nutrient demand between calving and breeding is the 
grea t est o f the reproductive cycle (Table 33). Therefore, after 
calving, all of the cows are placed on a ration similar to the young 
c ows be fore c a lving: 2 pounds of barley, 0.1 pound of urea, 
phosphorus and trace mineral supplement every other day plus all 
of the me adow hay they will eat dai ly. The cows are fed in the 
hay f i e ld until they are moved onto crested wheatgrass pasture on 
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May 15. The meadow grasses s t a rt gr eening up during the first part 
of May whi ch gives the cows some green grass in a dd i tion t o the 
ration supplement. The c r ested wheatgrass pastures a r e grazed 
al ternately every other year . When the breeding herd goes onto the 
pastures, the previous year's growth as wel l as the new green growth 
is availabl e. 
Breeding begins on the crested wheat pastures. The pastures 
are relatively small and confi ned and thus give good bull coverage. 
Most of the cows that are cycling have the opport unity t o breed 
during the 15 days on crested wheatgrass. Since the di e t has been 
a dequate , a l a r ge number of the cows should conceive a t first 
servi ce . This insures a high propo rtion of calves a t the beginning 
o f the next ca lving season. 
Calf crop 
The number of ca lves weaned has steadi l y increased ove r the 
7-year study period (Table 21 and Fig ure 4) . Most of this increase 
has been due to the inc reased number o f cows. However, the percent 
of cows weaning ca l ves has a ls o increased. The slope of the 
r eg r ession l i ne in Figure 3 was s tatis tically analyzed by a t-test 
a nd f ound significant at the 10 pe r cent level. This inc rease in 
calf c cop has been main ly due to the increased percent of cows 
ca lving. Adequate nutrition, accurat e pregnancy eva luations, 
good herd health and reproductive disease prevention programs have 
a ll co ntribut ed to the high calving percentage a nd subsequent 
high calf c r op. 
Table 21. Numb er of cows, calves born, ca lves weaned, calving percent, and calf crop weaned by 
ye ars. 
Number Number Calving Number of Percent 
Year of cows calves born percent calves weaned calf crop 
1970 336 312 93 288 86 
1971 371 353 95 331 89 
1972 384 340 89 319 84 
1973 396 395 99 374 94 
1974 420 397 95 376 90 
1975 490 478 98 442 90 
1976 483 476 98 449 93 
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Fig . 4. Number of cows, calves born, and · calves weaned. 
Calf losses. A number of calves will die before weaning from 
a variety of causes . Neonatal death accounts for the largest loss 
o f ca lves . Losses range between 4 and 6 percent and average 5 
percent over the 7 years observed (Table 22). This is similar to 
the neonatal losses expressed in Table 1. Dunn (1975) reported 
6 .4 percent loss and Temple (1967) reported 6.9 percent loss . 
Careful observation and assistance during calving as well as access 
to a calving barn account for a low neonatal loss. Number of losses 
have in creased due to the increased number of cattle. However, the 
increase as shown in the regression line in Figure 5 is not 
statis tically significant at the 10 percent level. The percent 
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loss has actually decreased over the years as shown in the regression 
line in Figure 6, but the decline is not significant. This 
indicates that the level of management has increased in order to 
maintain low losses while increasing cow numbers. 
Once the calf has survived birth and the associated diseases 
and exposures, the chances of death are slight. However, there 
are occasions when calves are lost. Pneumonia, accidents , poisoning, 
predators, or strayed calves further reduce the number of calves 
weaned. It is difficult to account for the number of causes 
o( postnatal deaths on a range. The refore, the operator ' s estimate 
of 2 percent is used to account for this loss. This is similar 
to pos tna tal deaths reported in Table 1. 
Total number of calves lost is tallied in column 9 of Table 22. 
The average loss is 25 calves or 6.4 percent. Over the 7 years, 
Table 22. Number and percent of neonatal, postnatal and total calf losses. 
Number Percent Deaths from Neonatal Estimated 
Cows of COWS of cows difficult Neonatal deaths postnatal 
Year numbers calves calved births death (%) deaths (2%) 
1970 336 312 93 6 19 6 5 
1971 371 353 95 1 15 4 7 
1972 384 340 89 2 13 4 a 
1973 396 395 99 7 18 5 a 
1974 420 397 95 1 14 4 7 
1975 490 478 98 11 27 6 9 
1976 483 476 98 2 18 4 9 
Mean 95 4. 3 5 2 
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losses have fluctuated between 5 and 8 percent but do not appear 
to be increasing due to the increased number of cows. 
Weaning weight 
Weaning weight is the second component that determines 
productivity. Calf crop is the first and most important factor of 
production but once the calf .i s a live and on the ground, the 
more pounds the rancher can put on the calf, the more returns it 
will bring. There was a considerab~e fluctuation in weights over 
the years (Table 23), but the regression line in Figure 7 does have 
an upward trend although it is not statistically significant. 
Total pounds of calf weaned 
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The total pounds of calf weaned is a function of both the 
numb er of calves weaned and their weaning weights. This is the 
measure of the productivity of the operation and produces most of 
the returns to the operator. Figure 8 shows that the total pounds 
of calf weaned steadily increased except for a slight decrease in 
1974 a nd 1976. The dec rease in 1974 was due to low weaning weights. 
The number of calves was similar to that of 1973 but the average 
weaning weight was 13 pounds lighter. 
Calving Periods 
Table 24 lists the number of calves born within each period, 
their average weaning weight, and the average daily gain for each 
of th e 4 yea rs for which this data was available. 
Table 23. Number of calves weaned, weaning weights, and total pounds of calf weaned. 
Assumed 
Cow Calves Calf crop Calves Weaning Calves not weaning Total pounds 
Year number weaned percent weighed weight weighed weight weaned 
1970 336 288 86 169 59% 347 lbs 119 347 lbs 99,936 
1971 371 331 89 315 95 348 lbs 16 348 lbs 115,188 
1972 384 319 84 319 99% 366 lbs - 116,754 
1973 396 374 94 330 88% 358 lbs 44 290 lbs 130,900 
1974 420 376 90 308 82% 345 lbs 68 238 lbs 122,444 
1975 490 442 90 398 90% 380 lbs 44 27 5 lbs 163,340 
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Fi g. 8. Total pounds of calf weaned . 
Table 24. Number and percent of ca lves born, weaning weight, and average daily gain 
by calving periods. 
Before 
Total !lar 14 !lar 15-Apr 4 Apr 5-Apr 25 Apr 26-!lay 15 After May 15 
_N ur.~.bers 
1973 330 2 101 151 66 10 
1974 308 2 99 148 54 5 
1975 398 16 188 144 49 1 
1976 408 87 192 71 42 16 
Total 1444 107 580 514 211 32 
:-'erccnt 
1973 31% 46% 20% 33% 
1974 32 48 18 2 
1975 4 47 36 12 
1976 21 47 17 10 
Weoning weight Ub) 
Average 
1973 358 360 374 367 326 290 
1974 345 287 366 351 304 238 
1975 380 411 366 351 304 238 
1976 363 382 378 346 316 302 
Average 360 365 351 309 260 
t~eighted average 384 380 362 318 287 
Returns $36/cwt $138 $137 $130 $114 $103 
ADG Average 
1973 1.43 1.2 1. 37 1. 48 1. 42 1. 37 
1974 1. 35 .89 1. 34 1. 40 1. 30 1. OS 
1975 1.47 1.40 1. 47 1.54 1.40 1. 30 
1976 1."37 1. 30 1. 39 1. 38 1. 37 1.45 
Average 1. 30 1. 40 1. 46 1. 38 1. 35 
.... .... .... 
Percent of cows calving in each period 
Figure 9 shows the percent of cows calving within each period. 
Prior to 1975, the calving season began on March 15. In 1975 the 
calving season started on March 10, and in 1976 it was moved up 
to begin on February 22. The earlier breeding seasons in 1974 
and 1975 along with good nutrition that enables earlier conception, 
account for the increasing percent of cows calving in period 1 
and 2 for 1975 and 1976. Four percent of the calves were born in 
the first period in 1975 and 21 percent in 1976. Besides the 
increasing percent of calves in period 1, 1975 and 1976 show the 
highest percent of calves being born in period 2 (47 percent 
compared to 31 and 32 percent for 1973 and 1974). In contrast, 
1973 and 1974 have the highest percent of calves born in period 
(46 and 48 percent compared to 36 and 17 percent in 1975 and 1976). 
There is a decreasing percentage of calves born in period 4 for 
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the 4 years and the percent of late calves in period 5 fluctuates 
between 0 and 4 percent. It is interesting to note that 68 percent 
of the calves in 1976 are on the ground before April 5 compared 
to only 31 percent in 1973. This indicates that a large portion 
of the cows are calving earlier in the calving season. The 
increasing number of earlier calves is reflected in the average 
age of calves at weaning indicated in the following tabulation: 
Year 
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~ifference in pe r cent of cows cal ving within periods statis tical ly significant (p < .01), 
Fig . 9. Percent of cows cal ving within calving period. .... ..... 
w 
In order t o shorten their calving cycle and calve earlier in the 
ReaRon, these c owA have returne d to estrus well before the average 
nf 60 days expressed in Figure 1, and there is probably a high 
conception rate at first service . A ballanced ration is essential 
in improving performance such as this. 
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A chi-square statistical test of independence was run to deter-
mine if the · differences in percent of cows calving within the periods 
was statistically significant over the 4 years. The results indicate 
that there is a highly significant difference in the percent of 
cows calving within the periods at 1 percent level. The increased 
pe rcent of cows ca lving in period 1 and 2 in 1975 and 1976 is probably 
due to the earlier breeding season coupled with the improved 
nutrition that enables them to conceive earlier. 
Weaning weights by calving periods 
It is logical that earlier calves should be heavier at weaning. 
Figure 10 shows that this is the case for this ranch with a couple 
of exceptions. Unfavorable weather in the early calving periods 
accompanied by disease may r esult in some of the earlier born 
ca lves weighing less. A statistical analysis was not attempted 
due to the dis proportionately small number of calves born in period 1. 
Only 1976 has a substantial numb e r of calves born in this period. 
Data from 1977 will need to be collected before an unbiased analysis 
can be made of the weaning weights of each period. Therefore, the 
conclusions and recommendations that follow are made without the 
support of a statistical test. 
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A weighted average weaning weight for each period was calculated 
for the 4 year period to obtain a trend in weaning weights as the 
calving season progressed (Figure 11). It is recognized that there 
is a substantial difference between calves born in period 1 and 
period 5. Given a price of $.36/pound, the early calf is worth 
$35 more than the late calf at weaning. Since there is a rela tively 
small number of calves in those extreme calving periods, a comparison 
between periods 2 and 4 is more realistic. The calves born in 
period 2 weighed 62 pounds more and are worth $23 more than those 
calves born 40 days later. This is very simila r t o the increased 
value of early calves in Table 2. 
Average daily gains by calving period 
The average daily gains (ADG) for the calves born in each 
period are contained in Table 24. The ADG for each year fluctuated 
between 1.35 pounds and 1.46 pounds. Figure 12 shows the trend over 
the calving periods for each year. The weighted average ADG for each 
period over the 4 years is summarized in column five of Figure 12. 
The trend rises from 1.3 pounds in period 1 to a maximum of 1.46 
pounds in period 3 and declines to 1.35 pounds in period 5. This 
disagrees with data reported by Minyard (1973) in South Dakota. 
He reported average daily gains were greatest in early spring and then 
declined throughout the spring (Feb. 2.07 lb., Mar 2.0 , April 1.91, 
May 1.86, June 1.77). 
There is not a lot of difference in the average daily gains 
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primarily due to the number of days the calves are gaining weight . 
The one exception to this would be the calves born in period 1 . 
The weighted average weaning weights in period 1 are only 4 pounds 
greater than those of period (Table 24). With the extra time to 
put on weight, the daily gains were substantially less. The adverse 
climate in late winter may be the primary cause of the low average 
daily gains. The late winter storms, cold temperatures, and 
constant wind are very hard on little calves. A large part of 
their energy intake is used to keep warm rather than to gain weight. 
Therefore, as the weather improves with the advent of spring, the 
average daily gains improve. There comes a point though when 
the forage matures and gains begin to drop off. Those calves 
born in the fourth and fifth periods were not old enough to take 
advantage of the good forage conditions and this is reflected in 
their declining average daily gains. 
Economic evaluation of early calving 
The additional weight gained by calves born in the early 
periods must be compared to the extra feed costs incurred, to 
determine if early calving is economically justifiable. A 1,000 
pound cow with average to superior milking ability, requires an 
increase of 7 pounds in daily dry matter intake after she calves. 
If this increase is made up in a ration consisting of 6 pounds 
meadow hay, 1 pound barley and .OS pound urea daily, the increased 
cost of feeding the cow this ration for 20 extra days is $5.14 
lb. meadow hay for 20 days 
lb. barley for 20 days 
.OS lb. urea for 20 days 
120 lb. @ $.026/lb. 
20 lb. @ $.05/lb . 





The average increase in weaning weight of calves born in period 1 
compared to period is 4 pounds. At $.36/lb. the additional 
gross return gives a net loss of $3.70 for a calf born in period 
compared to period ($1.44- $5.15 = -$3.70). 
Comparing the additional returns of calves born in period 
with period 3 reveals that the net increase per calf is $1.34 
(18 l b . @ $.36/lb. = $6 .48- $5.14 = $1.34). A break-even analysis 
reveals that the earlier calving periods must produce calves with 
weaning weights 11.5 pounds greater in order to pay the cost of 
feeding the cow for the additional 20 days. This does not include 
the cost of vet supplies and labor required for calving earlier 
in harsh weather conditions. These costs could not be extracted 
from the total operating costs . 
From the limited data available, it appears that the additional 
costs of calving in period 1 outweights the additional returns. 
However, only 1 year ' s data is available for calves born in period 1, 
therefore a recommendation to move the start of calving back t o 
the first part of March will not be made. Data from period 1 for 
1 or 2 more years should be carefully evaluated to determine the 
most profitable calving season. 
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Economic Evaluation 
Cost and returns from increased production 
The operating costs of 1970 and 1976 are contained in Table 25. 
The total operating cost (cash cost plus depreciation) for 1970 
was $35,954, and increased to $70,367 in 1976. The total cost per 
brood cow was $107 for 1970 and $147 for 1976. The cost per pound 
of calf weaned in 1970 was $.36/pound and $.44/pound for 1976. 
The gross returns were calculated as if all the calves, except 
for the replacement heifers, were sold at weaning. The pounds of 
calf sold was determined by subtracting the number of replacement 
heifers from the total number of calves weaned and multiplying the 
remainder by the average weaning weight. The cull cows and bulls 
were also inc luded in the gross returns. The number of cull cows 
sold was derived by subtracting the percent death loss (4 percent) 
from the r eplacement rate (19 percent) which resulted in 15 percent 
of the cows being marketed each year. The bulls are used for 4 years 
so that 25 percent of them would be culled each year. The total 
gross return for 1970 was $38,060 and $66,696 for 1976. The net 
returns for 1970 was $2,106 and -$3,671 for 1976. 
It seemed ironic that the tremendous increase in livestock 
production from 1970 to 1976 yields a negative net return. The 
production costs have increased in greater magnitude than the 
efficiency of the operation. However, if the operator had maintained 
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$62 , 943.62 
7,423.00 





the same production level as in 1970 and the associated production 
costs reflected the inflationa ry increase in operating costs, 1 
the net return would have been -$24,718 ($40,358- $65,077 = 
-$24,718). Therefore, the ope r a tor has been very successful 
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in minimizing his losses in this time of high inflation and rampant 
operating costs. 
Cost and returns from grazing system 
The grazing system and associated improvements on the summer 
range removed the bottleneck of the operation and allowed for the 
expansion of the herd. It is realized that the level of management 
and the improved animal husbandry and feeding practices were 
responsible for increasing the level of fertility while the 
expansion was taking place . However, it is impossible to estimate 
the porportion of the production for which each individual management 
item was responsible. Therefore, for purposes of economic evalu-
ation, the costs from a higher level of management are included 
in the operating costs and the increase in net returns are compared 
to the investment of the grazing system and associated range 
improvements. This is not entirely accurate because the grazing 
system was not responsible for all of the increase in production. 
However, the increase in net return is the only figure available 
to make an economical analysis of the grazing system. The cost 
1 
The cost of production increased 81 percent between 1971 and 
1976 (Crop Reporting Board, SRS, USDA, 1976). The 1970 costs were 
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Table 27. Increase in net annual returns. 
Operating % increase Net 
Year Returns cost Net Returns 
a 
in costs Cost Net increase 
($) ($) ($) ($) (%) ($) ($) ($) 
1970 38,060 39,954 2,106 38,060 1.00 35,954 
1971 47,604 41,929 5,675 40,457 1.06 38,111 2,346 3,329 
1972 62,763 45,663 17,100 52,693 1.12 40,268 12,425 4,675 
1973 85,871 54,985 30,886 63,321 1. 31 47,099 16,132 14,754 
1974 45,628 57,661 -12,033 36,067 1. 55 55,728 -19,661 7,628 
1975 54,072 68,209 -14,137 32,744 1. 70 61,122 -28,378 14,241 
1976 66,696 70,367 - 3,671 40,358 1. 81 65,076 -24,718 21,047 





of implementing the grazing system and its associated improvements 
are contained in Table 30. The current value of all the improvements 
on the summer range is $122,900. The ori ginal construction cos ts 
of the improvements were not available, therefore, the investment 
in improvements is expressed in 1976 dollars and was determined 
by the cost of replacing each improvement had they all been implemented 
in 1976. Many of these improvements were constructed prior to 
1970 (boundary fences, some water developments, and trails). 
Therefore, only those improvement s that hve been implemented since 
1970 and have been associated with improving the efficiency of the 
grazing system are considered in the economic evaluation of the 
grazing system. These cos ts total $47,226. The estimated lifetime 
of the structural improvements associated with the grazing system 
is 20 years. 
The annual gross returns from calf, cull cow and bull sales are 
contained in Table 26. The net increase in returns for 1971-1976 
above the base year 1970, are contained in Table 27. The net 
increase in annual returns was calculated by subtracting from the 
net return of a given year, the returns from the base year production 
level using the same average yearly prices as in Table 26 and raising 
the costs by an index (Crop Reporting Board, 1976) to reflect the 
average increase in operating costs. The net increase in returns 
for years l-6 was calculated in this manner. Even though the actual 
r e turns and the projected returns from the base production were 
negative for 1974-1976, the actual l oss was substantially less than 
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the projected loss. The difference be tween the actual loss a nd the 
projected loss is a positive net increase in returns that resulted 
from the improved range and livestock management prac tices . For 
years 7-20, the net increase in r eturns was assumed to remain a t 
the 1976 level due to the h azards of predic t i ng cos ts and prices 
in the f uture. The expected annual production into the future is 
assumed to be the same as in 1976. The range has improved in 
co nditi on and the stocking rate is up to the carrying capaci t y of 
the range. If fertility and weaning weights remain fairly constant, 
the annual beef production should remain close to the 1976 level. 
The internal rate of return and the net present worth were 
us ed to evaluate the economic efficiency of the grazing system. 
The internal rate of r e turn is the discount rate which makes the 
discounted returns equal to the inves tment (Nielsen, 1967). 
1he standard discounting formula I = R [l-(l+i)-n] requires an 
i 
equal annual r e turn to calculate the internal rate of return. 
Since the returns for 1971-1976 are not equal, the modified 
discounting technique des cribed by Hinkley (1974) was used. The 
annual returns were discounted separately and then summed to arrive 
a t the current value of the income stream. The discount rate (i) 
was estimated by trial and error unt i l the discounted returns come 
c l ose t o the investment cost. The actual rate of return was then 
ext r apola ted from between the two nearest discount rates (Table 28). 
Because of the difficulties in discounting returns from past years, 
1976 was used a s the base year and the returns of 1971 were assumed 
128 
Table 28. Internal rate of return. 
Net increase Discounting factors Discounted net returns 
Year in returns 1~25% i=26% i-25% i-26% 
$ 3,329 .8000 . 7936 $2,663 $2,642 
$ 4,675 .6400 . 6299 $2,992 $2,945 
$14,754 . 5120 .4999 $7,554 $7,375 
$ 7' 628 .4096 .3967 $3,124 $3,026 
$14,241 . 3277 . 3149 $4,667 $4,484 
6 $21' 04 7 .2621 .2499 $5,516 $5 '259 
$21' 04 7 .2097 .1983 $4,413 $4' 174 
8 $21,047 .1678 .1574 $3,532 $3,313 
$21,047 .1342 .1249 $2 '824 $2,629 
10 $21,047 .1074 .0991 $2,260 $2,086 
11 $21,047 .0859 .0787 $1,808 $1,656 
12 $21,047 .0687 .0624 $1,446 $1,313 
13 $21,047 .0549 . 0496 $1,155 $1,049 
14 $21,047 .0440 . 0393 926 827 
15 $21,047 .0352 .0312 741 656 
16 $21,047 .0281 .0248 591 521 
17 $21,047 .0225 .0196 473 412 
18 $21,047 .0180 .0156 379 328 
19 $21,047 .0144 . 0124 303 206 
20 $21,047 .0115 . 0098 242 206 
Total $47,609 $45,156 
IRR s 25.16% 
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to start in 1977. The income stream to 1997 was discounted back 
t o 1976 dollars. The investment cost was also expressed in 1976 
dollars. The internal rate of return for the grazing system was 
25 . 16 percent. 
The net present worth of an investment is calculated by 
discounting the net annual returns by a discount rate equal to the 
current market rate of int erest a nd subtracting the cost of the 
investment (Hopkin, Barry, Baker, 1973). The current marked rate 
of interest is 9 percent (Clement, 1977). 
N R 
NPW 
E ____ n __ 
n=l (l+i)n - I 
where: NPW net present worth 
R increase in net annual returns 
dis count rate 
investment 
Table 29 shows that the net present worth of the grazing system is 
$96,027. In other words, the grazing system is expected to increase 
the returns of the rancher by this amount in present dollars over 
its 20 year lifetime. 
130 
Table 29. Net present worth. 
Net increase Discount Discounted 
Year in returns factor net returns 
($) i=9% ($) 
(1977) 3,329 .9174 3,054 
4,675 .8416 3,934 
14,754 . 7722 11,393 
7,628 .7084 5,404 
14,241 .6499 9,255 
21 ,047 . 5963 12,550 
21,047 .5470 11,513 
21,047 .5018 10,561 
21,047 .4604 9,690 
10 21,047 .4224 8,890 
11 21,047 .3875 8,156 
12 21,047 .3555 7,482 
13 21,047 .3262 6,865 
14 21,047 .2992 6,297 
15 21,047 . 2745 5, 777 
16 21,047 .2518 5,299 
17 21,047 . 2311 4,864 
18 21,047 . 2100 4,420 
19 21,047 .1945 4,094 




__ n_ - I 
n=1 (l+i)n 
$143,253 - $217,266 
$96,027 
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SUMMARY AND CONCLUSIONS 
The operating costs for farms and ranches in the United States 
have increased 81 percent between 1970 and 1976 (Crop Reporting 
Board, 1976). Calf prices over this same period have fluctuated 
dramatically and have fallen from a high of $58/cwt in 1973 to 
a low of $26/cwt in 1975 (Utah Ag. Statistics, 1976). Since 1973, 
the increasing operating costs have exceeded the returns generated 
by the low calf prices and have left operators in a negative 
financial position. This case study has shown that the operator 
has increased both the efficiency and scale of his operation through 
improved livestock husbandry and range improvements, yet has been 
unable to keep up with the increase in operating costs. 
The number of brood cows on the ranch have increased 45 percent 
since 1970. The increased carrying capacity of the summer range, 
brought about by a rest rotation grazing system and the associated 
range improvements, have allowed for this increase. The hayland 
has also been developed by planting improved grass varieties and 
through proper irrigation and fertilization in order to provide 
the necessary winter feed and fall grazing for the increased 
numbers of cattle. 
The efficiency of the operation has also increased while 
the cattle numbers have expanded. The calf crop increased from 
86 percent in 1970 to 93 percent in 1976. Accurate pregnancy 
evaluations and stringent culling practices, as well as proper 
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nutrition, have been responsible for maintaining high fertility in 
the herd . A feed supplement program was conducted during the late 
winter and early spring critical nutrition periods. Yearling 
replacement heifers and young cows were separated from the mature 
breedi ng herd and fed a precalving supplement . After calving, all 
cows in the herd were supplemented to i nsure that their nutrient 
demands were met . The entire herd was flushed on crested wheatgrass 
pastures at the beginning of the breeding season. This good nutr ition 
was responsible for the high conception rate. 
The increase in weaning weights over the study period was not 
significant. Calf gains depend on the environmental conditions as 
well as the genetic capability of the cow and ca lf. Climatic 
conditions, which determine the amount and nutrient content of the 
forage, vary from year to year. However, the improved range condition 
will provide a more stable forage yield and the flexibility of the 
grazing system and management strategy will allow the operator to 
use the pastures most effieicntly. Once the nutrient requirements 
are satisfied, the cow and calf can then express their genetic 
capabilities and produce up to their potential in pounds of calf 
weaned per cow. There exists a large potential for genetic improvement 
in this herd. 
An economic evaluation of the improved livestock husbandry and 
range improvement practices revealed that the operator has been 
very s uccessful in minimizing losses. It must be realized that 
statewide average cattle prices were used for comparison and thus 
the analysis does not reflect the true profit or loss of the 
operation. The total pounds of calf weaned increased 60 percent 
over the study period. However, this tremendous increase in beef 
production was offset by the rampant increase in operating costs . 
The net loss in 1976 was $3,671 compared to a net return of 
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$2,106 in 1970. However, had the operator not increased the level 
of production while the operation costs increased, his net loss 
in 1976 would have been $24,718. 
All aspects of the operator's management contributed to the 
increase in beef production. It is difficult to determine how 
much improvement came from a specific item. The operator did 
state though that the increased carrying capacity of the summer 
range allowed for the expansion in numbers. If all of the increased 
management costs associated with the expansion are included in the 
operating costs, the increase in net returns can be compared to 
the investment cost of the grazing system and improvements on the 
summer range to derive its economic productivity. The internal 
rate of return of the grazing system and improvements was 25.16 
percent. The net present worth of the improvements was $96,027, 
given a 20 year lifetime. 
It can be concluded that where the potential exists for develop-
ment of the range, hayland, and pasture resources, livestock 
production can be increased as well as returns to the operator . 
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Hopkin-Heiner Range Unit 
Woodruff, Utah 
RANGE SITE INFORMATION 
High Mountain Loam (Aspen) Range Site 
148 
This range site occurs on gently sloping to very steep mountain slopes. 
It is found on all exposures at higher elevations, but is primarily 
on the north and eas t facing slopes at the lower elevations. It is 
of t en adjacent to mountain sites. On this unit it is intermingled 
with the mountain loam site and is mapped as an associattion or 
complex. Elevation ranges from 7,000 to 9,120 feet. The average 
annual precipitation on this si te varies from 22 to 40 inches . 
The soils on this site are deep, medium textured and well drained, 
with less than 50 percent coarse fragments. 
Potential forage production is very high, with an aspen overstor y 
and a n understory of about equal amounts of grasses and forbs and 
a s mall amount of shrubs and aspen reproduction. Important forage 
plants on this site include: Mt. brome, Blue wildrye, Bearded 
wheatgrass, Slender whea t grass, Nodding brome, Dryland sedge, Sweet 
a nise, Elderberry, Snowberry and Aspen. (Mt. brome will be used 
as the key managemen t plant.) 
Mountain Loam Range Site 
This range site is found on gentle to steep mountain slopes, benches 
and on th e wide canyon bottoms. It occurs on all exposures, but 
is mostly on south and west facing slopes in association 
with the h igh mountain loam (aspen) site which occupies the north 
and east exposures . Elevation ranges from 6,000 to 9,000 feet. 
This site receives from 16 to 22 inches of average annual precipi-
tation. 
The soils are deep, well drained loams with less than 50 percent 
coarse fragments. Sagebrush dominates the productive bottoms and 
falts. Bitter-brush, Snowberry and Wild rose increase in the 
shrub association on the steeper slopes. Forage potential for this 
site is high. Important forage plants include: Bluebunch wheat-
grass, Tall native bluegrass, Onion grass , Slender wheatgrass, 
and Bitterbrush. (Bluebunch wheatgrass will be used as the key 
ma nagement plant.) 
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ROTATION-DEFERRED GRAZING SYSTEM PLAN 
Hopkin-Heiner Range Unit 





Maximum use--Graze early 
with all livestock 
-.,.:;.:::.~<::.<::..£.-:...""""""'=_._-.,17::~"77:~~ Enter after desired 
~----------~~~~~~~ grasses have set seed . 
Complete rest. 
r------P7"77:~~~~~7:~~~ Enter aft er desired 
L----------~~~~~~<::.<~~~~~ grasses have flowered: 
This grazing system was designed to allow s ufficient rest 
following grazing treatment A for (1) seed production, (2) reproduction 
(seedling establishment), (3) maintenance and improvement of plant 
vigor , and (4) accumulation of litter. 
GRAZING SCHEDULE: 
Pastures Sequence of Pasture Rotation 
Year Ill 112 113 114 1st 2nd 3rd Rest 
l D A B c 2 1 3 4 
2 A B c D 1 4 2 3 
3 B c D A 4 3 1 2 
4 c D A B 3 4 l 
Schedule will be repeated every four years. 
Table 30. Improvements on summer r ange . 
Imp r ovements 
Brush control 
Sp ray sage 











































Annual maintenance (fence, water deve lopments, and trails) 
Amount Cos t / unit Total 
Man days 25 hrs. $4/hr. $1,000 
Materials $ 150 
Travel and fuel $ 200 
Cat 50 hrs. $24/hr. $1 , 250 
TOTAL $3,600 
Amount since 1970 Va lue 
all $ 7,650 
8 $ 4,000 
12 $ 600 
10 $10,000 
( l) / mi. $ 2,000 
all $1 8,000 
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•NRC Nutrient Requirement 
of Beef Cattle- 1976 




Table 31. Nutrient content of ration. 
Crude 
Wet weight Percent protein 
( lb) D.M. (%) 
Barley 1.00 89 13 
Meadow hay 20.00 90 8 
Urea .05 45%N .14 lb 
Crested wheat 
early veg. 32.00 30.8 23 
Old growth 12.5 80.00 3.1 
Dig 
protein ME Meal 
(%) (Meal/ lb) 
9.8 1. 36 
2.9 .83 
18.0 1.09 
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Table 33 . Nutrient requirement of breeding ca ttle. 
~: i.ni .::uc 
dry !:liltter Cr ude 
Wei ght intake ~rott:: in Dl& £!fOU: In 
(lb,;) (lbs) (lbs) (%) (lbs) (%) (Hea l ) 
)"o~;:"'g ;:: o~o~ 
(~ro!;;:-~a:lt ) 900 1).4 . 97 5 . 9 .46 2.8 14.3 
!".at ure co.., 
( ;Jre;ant) l, 100 17.9 l.l2 5.9 . 53 2.8 16. 4 
You :: ,; COlo/ 
1'l.;tati""l;, .sec 15.1 1.65 9.2 .97 5.4 15 . 9 
!"..a~ : ~.. ~ e .;~v 
:a.;ta t !n6 1,000 20 .5 1.89 9.2 1.10 '·' 18. 1 
HE TON 
(Mcal/lb) (lbs) (%) 
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